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1. The object of this paper is to investigate a new method which will 
enable us to find ont the period of an unknown inequality, and thence 
the inequality itself, from a series of observations — such as magne- 
tical, meteorological, or astronomical — when they are of a periodic 
nature. 

2. We assume that there is some large complex period, such that 
the observations — which need not necessarily correspond to equidistant 
times, but must have the time similarly divided in each general period — 
will be exactly repeated after such full period ;* but since we have not 
yet found such a period, although we have observations of thirty years' 
duration or more, say, of barometer, we may say that such a period is 
not yet completed, and we cannot, therefore, apply Bessel's method, 
which is applicable to only known periods, to find subordinate 
periodic inequalities. Diurnal and annual periods which have already 
been discovered may be considered as subordinate periods of the large 
period which we are considering. Our aim is first to ascertain the 
duration of subordinate periods one by one, and then to find out the 
amplitude for each period. 

3. Any observations of a periodic nature m.ay be represented by 
the equation — 

Y:=^u^-UY^inhj^^-J^\^-u^^\n\^ . . (1), 

in which K^, Kg, &c., which are all unknown periods which are in an 
ascending order of magnitude, but the relations of which with each 
other are also unknown ; Y is the phenomenon, and x the variable 
time on which the phenomenon depends ; u, Ui, u^, and Ui, U^, &c., 
are constants ; and 27r is of course equivalent to 360°. 

4. The form given in Bessel's paper, embodied in the *' Quarterly 
Weather Report of the Meteorological Department," Part IV, October 
to December, 1870, is — • 

y=='?*4-'M3^sinf Ui + -^j4-%sin(U3 + -^W, &c., 

which form can also be written — 

* Practically we shall deal only with observations that subdivide the large period 
spoken of into equal intervals. 
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Y='ii + %sin(Ui + -^W'Z^2sin(U3+-^W, &c. . . (2), 

2 

in which K represents a period, after the completion of which the 
phenomenon Y constantly recurs, and x is the variable quantity on 
which the phenomenon depends. The given condition is that Y 
remains constant for values of x, which are increased or diminished 
by K, 2K, 3K, &c., u, %, u?^, and Ui, Ug, &c., being constants, and 27r 
equivalent to 360°. 

5. Comparing the form of equation (1) and (2) it will be seen 
that they are both alike, except in subordinate periods which are in 
equation (1) in an ascending order of magnitude, and apparently 
unconnected with each other; and in equation (2) they are in a 
descending order of magnitude, being connected with a proportion 

Ij h h h <^c-j i^ order. 

If we suppose that the least common multiple of the subordinate 
periods K|, Kg, Kg, &c., in equation (1) is the same as K in equation 
(2), then the two equations are identical except as to the inversion 
of the order of the terms, and in that some of the terms of (2) 
whose coefl&cients are zero will not appear in equation (1). 

6. It might be asked what reasons make us give preference to the 
form of equation (1) instead of to the form of equation (2) ; the 
reply is that the form of equation (2) includes all the subordinate 
periods that are possible whether they may really exist in a particular 
series of observations or not, and it is therefore confounding and 
complicated on account of introducing unnecessary terms in the 
equation, whereas the form of equation (1) contains only all the 
unknown subordinate periods, that is, those which may really exist in 
a particular series of observations. To illustrate practically the 
advantage of the one over the other in point of simplicity, we shall 
take a case in which a particular set of observations is composed of 
subordinate periods of 5, 7, and 15 days only. This can be repre- 
sented by the form of equation (1) by three terms only, while by the 
form of equation (2) 105 are required, although it will prove, after all 
the periods are found, that all of them have zero for their value except 
the terms whose periods are ^ yV> 2V ^^ ^^^ ^^^^ period. On the other 
hand, if a particular set of observations is really composed of subor- 
dinate periods 105 in number, viz., those whose periods are 105, -if-, 
•i-fi, &c., the form of equation (1) will still hold good. It really 
does not affect the forms but the ideas only. 

Having found the equation for any kind of observations of a periodic 
nature, our next step is to see what results take place if certain 
operations be performed on the observed values of equation (1). 

7. Before doing this let us prove some preliminary propositions. 

It has already been established in chapters on the subject of Sum- 
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mation in Trigonometry that the sum of n terms of the sines of 
angles which are in arithmetical progression from the first term of the 



. (n+"-iiO»'" 



^ 2 
series (3) written below is t^sin ^^ ~ — -J^ — , and that begin- 

sin - 

2 

nh 

. r n—l 1 ^^^^T 
ning at the second term it is u sin < (U+ 5) + h > , and so on. 

sm- 

2 

The object of the following investigation is to find what relations 
exist between the series (3) and the series derived from it, in the 
manner that we are going to describe below. 
Let the proposed series be 

'i*{sinU + sin(U + &) + sin(U + 26) + sin(U + 36) . . . &c.} . (3), 

from which we see that the mean of n terms from the first term of the 



. (^+=i^') 



. nh 
sm 



2 

series is usin ^ — r- , and that the mean, of n terms from 

. 6 
nsm- 

2 
the second term of the series is — 

t^sin < (U + &) + ^^^^& f ^^^-^ 

■ 7-b ' 

nsiTL- 

2 

or, by reducing, we obtain 

usin < 17+ __6 V sm— - 

71 sm - 

2 

and similarly the mean of n terms from the third term of the series 

is u sin I U -f h ) , and so on. Thus the mean series will 

\ 2 / . 

iZ' sm— 

2 
be — 

r nh nh 

u< smJ U-h-2~^) --fsmlUH — 2~ } 1 

n sin- 7i sin- 

2 2 

. nh ^ 

+ sin(^U+'-J^A^^ + , &c. I . (4.) 

n sin- 

2 -^ 
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Again, from this new series we see tliat the mean of the two terms 

. nh h 
r 7 X sm -^ cos ^ 

from the first term of the mean series is u sin ( U + — ) ^- "-^ and 

\ 2 / .ft 

9isin — 

2 
that the mean of the two terms from the second term of the mean 

nh h 

series is u sin ( U+ 7" ^ ) ' ^^^ similarly the mean of the 

9isin — 

2 

two terms from the third term of the mean series is 

. nh h 
i^sml U -|-— — —6 i. 



n sm — 

2 



and so on. 

Thus the second mean series will be — 

nh h ^ nh h 

/ 7 \ sin -TTCOS o / , rt \ sin -tt cos tz 

V 2/ . h \ 2 J . h 

n sm — n sm — 

2 2 

nh h 
sin -TT cos 



+ sin(^U+!^6)_?— ^ + , &c. I . (6) 



n sm 

2 

Now in these results we see that the following laws hold — 

I. When n is an odd number the first factors of the terms of the 

first mean series are the same terms in order as the ( Ith term of 

the proposed series. 

II. When n is an even number the first factors of the terms of the 

second mean series are the same terms in order as the ( ■ jth term 

\ 2 y 

of the proposed series. 

III. The second factor in each term of the first or second mean series 
is a common factor to its own series. 

lY. Each first factor of the terms of the first or second mean series 
is the middle term of the proposed series from which the correspond- 
ing mean term is derived. 

Thus the investigation, established, that the first mean series is 
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proportional with the proposed series from i — — — Itli term when n is 

an odd number, and that the s'econd mean series is proportional with 
the proposed series from I _I— ith term when n is an even number. 

8. Suppose in the proposed series that h= — ; then since 

n 

sm - — =sin7r=u, 

2 

the mean of the sines of the proposed series will be zero^ and conse- 
quently the first mean series or the second mean series will also be 
zero, 

nh , nh h 

sin-o~ sm-o-cosa 

9. The factor or is a proper fraction. 

. h ' h 

n sm - n sm - 

2 2 

Ji sm n JK. 

Put -=A, thus the first factor becomes —^ — -. 
2 n sm A 

Now sin nA = sin{A+(7^ — 1)A} = sin (7^ — l)Acos A -h cos (»— 1) A 

sin A, and sin (w— 1)A cos A=sin (%— 2)Acos^ A + cos (w~-2)Acos A 

sin A ; and,, similarly, 

sin (*i— 2)Acos2 A=sin (ti— 3)Acos^ A-fcos (7^— 3)Acos^ Asin A. 

sin 3A cosf«-3JA=sin 2A cos^»-2>A+ cos 2A cos^^-s) ^ gj^ A. 

sin 2 A cos^^^~^^A=sin A cos^""^^ A + cos A cos"*"^ A sin A. 
Thus 

sin^iA=sin A{cos(?^— l)A-fcos(?»— 2)Acos A4-cos('/Z'— 3)Acos^ A . . . 

cos 2 A cos^^"^ A+ cos A cos^^"^ A + cos^~i A } . 

The number of terms on the right hand side of the equation is n, and 
the namerical sum (regardless of sign) of the terms in the bracket is 
obviously less than n, thus the numerical value of sin ^-^-A is less than 
the numerical value of n sin A ; and since cos A is numerically less 
than unity, the other factor is also a proper fraction. 

10. The following conditions will show without proof when the 
first and the second factors respectively will have the positive or 
negative sign : — 

The first factor is positive when nh lies between 27r(2N') and 
27r(2ISr + l), and h lies between 27r(2W) and 2^(2N' + 1), or when 
nh lies between 27r(2]Sr-t-l) and 27r(2]Sr + 2), and h lies between 
2^(2N' + 1) and 2<2i:^' + 2). 
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Tlie second factor is positive when nh lies between 27r(2K) and 
27r(2]N"-f 1), and h lies between 7r(2W) and 7r(2N"' + l), or when nh 
lies between 27r(2ISr + l) and 27r(2N + 2), and 5 lies between 7r(2W -{-1) 
and7rf2N' + 2). 

The first factor is negative when nh lies between 27r(2N"-M) and 
27r(2ISr+2), and h lies between 2.7r(2W) and 27r(2]Sr' + l), or when nh 
lies between 27r(2]Sr) and 27r(2ISr + l), and & lies between 27r(2]Sr' + l) 
and 27r(21Sr' + 2), 

The second factor is negative when nh lies between 27r(2]Sr4-l) and 
27r(2]Sr + 2), and & lies between 7r{2W) and 7r(2ISr' + l), or when nh lies 
between 27r(2I*T) and 27r(2i^+l), and h lies between 5r(2N' + l) and 
7r(2N'4-2), where N" and N' stand for 2!ero or any integral number. 

, nh nh h 



11. To trace the changes in the factor 



sm 



2 



sm 



. h 
72. sm- 

2 



or 



2" cos 2 



. h 
sm- 

2 



as the 



angle nh varies between and 27r, between 27r and ^tt, between 47r 
and Gtt, &c. We shall discuss this subject in a particular case only, 
viz., when h<27r, as there is no necessity of discussing all the eases 
for our future purpose. 



We have already shown that when h- 



iir 



or when nh-^-'^Tr the 



n 



factor has the value zero^ and it is easy to see that when nh=^4<7r or 
=:67r or =2]S"7r, where N is some whole number, the factor has also 
the value zei^o. 

We have now to find what value of nh makes the factor a maximum 



nh 



2x 



when nh<27r. Put -— -=a? and therefore n=-^, thus the first factor 



2 



becomes- 



sma? 



h sin X 



2x . h ct ' h 
— sm - 2x sm - 

h 2 2 



let 



u 



6 sin a? 



, remove constant factors, 



2ajsin 



2 



thus 



then 



u- 



smaj 

X 



du 



XGo^x — smic 



dx 



X 



3 



dhb 



dx^ 



sma; 

X 



2 cos X .2 sin x 

_ — -J- . _ — , 



X' 



X'- 



du 



If we put -— '=:0 we obtain tana!=aj, therefore a;=0, and when x=0 
ax 
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we liave 

#1* _ ____ sin a? ____ 2 cos 0? , 2 cos a? 

sin a? 4 cos a? -i 

Thns when 03=0, — — - is negative. 

dx^ 

Therefore when a;=0 u has a maximnm value. Thus we see that 
as the angle nh changes from to ^tt^ the factor diminishes from the 
limiting value unity to zero. 

We shall next see when we shall have a minimum value of the 
factor when nh changes from 27r to 47r. 

nh ^ TT + o? 

Put ■^=7r4-a?, and consequently ^=— — -j thus the first factor 



becomes- 



2 



6 . & , 

c' r \ ^\ o™(7r+aj) — -T^sina? 
sm(7r + aj)_2 \^ 2 

sm — (^r/r-t x) sm — (tt -f- x) sm ~ 



h 2 " ' 2 ^ ' 2 

2 

— ^smoj 
Let u'= — ^, remove constant factors, 

(tt+x) sin- 
2 

,, —sin X 
thus u= , 

TT + O? 

.1 ^'^_ — (tt + a?) cos X + sin a? 

(^a? (tt + o?)^ 

^^'^^ _sin 0? , 2 cos a? __ 2 sin a? 
c^aj^ TT + a? (tt + xY {ir-j-x)^' 

If we put ---=0 we obtain tana?=7r+a3, therefore x=--——, 
dx ' 57°-3 

Therefore when a3=0, 

dH -97630 ,2C21644) 2(-97630) , ^,. 

==-^^-f_A^^^/— V Z.=plns something; 

c^aj^ 4-493 (4-493)2 (-493)^ 

therefore when 0=--__- te has a minimum value. 

57^-3 

Thus when ^5=21 7r-f -^^ i we have a minimum value, and similarly 
VOL. xxxvi. 2 c 



we 
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we can sliow that wlien %&=2(27r+__ — i we shall have another 

T 1 7 o/o . somethino^ between 82*5 and 90\ 
maximum, and when nb=^2\ 67r-\-. 5 ^ l 

\ 57-3 / 

shall have another minimnm, and so on alternately ; for the general 
equation from whieh these values are to be determined is tan a?=N7r4-aj, 
where I^ is zero or some integral number. 

We have taken the first factor only in dealing with the above sub- 
ject, biit it will be seen by inspection that the same results would 
have followed if the second factor had been taken. 

These changes of factors have been worked out for a particular case, 
and curved in fig. 1 (Plate 4) to give the reader a general idea of 
them. 

12. E'ow we shall repeat the equation (1) and proceed as follows : — 



Y=:z^ + ^i sin 



1 



Let c be a small period or interval say of an hour, a day, a week, 
or a month, &c., as the case may be, at which observations are avail- 
able, then writing \ for -=-\ ^2 ^^^' -^^"j ^3 ^^^ ? ^^-i i^ ^^ above 

JVt -^Q -"-q 

equation (and appropriately modifying the constants Ui, Ug, &c., if 
X and c are reckoned from different epochs), the successive observa- 
tions will be equal to the sum of the terms of the following expres- 
sions — 

1st Obs. =:u + Ui ^^^ ^1 + % ^^^ ^2 "^ % ^i^ ^3 + ^^• 

2nd obs. ~it-\-u^ sin (TJ^ + h^ + % sin (U^ + h^ + u^ sin (Ug -f ^3) + , &c. 

3rd obs. ^'i^ + ii^sin (17^ + 2 &i) +'^^2 sin (U2 + 2&2) H-%sin (Ug + 2/>g) + , 

&c. 

4th obs. ='i*+%sin (Uj^ + 3&i) -f- % sin (Ug + ^^a) +'^3 sin (U3 + 3&3) -f , 

&c. 

• •••••• 

(n + 1)*^ z=zu-\-Ui sin (Uj^ + nhi) + % sin (U2 -f nhc^) + ^^3 sin (U3 + nh^) -j- , 

&c. 

In order to save room we shall henceforth use the factor — , — , — , 

^1 % fe 

. mhi . mho mho 

sm -Q- sm -Q~ sin -o— 

&c., in place of -, , , &c., respectively. 

0-1 .ha • ho 

m. sm —i m sm -^ m sm — i 

2 2 2 

13. Suppose we have a table ruled with horizontal and vertical lines ; 
in the first horizontal line let us enter the numerical values of the 
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observations in order. Now let successive means be taken of m obser- 
vations (m being an odd integer) advancing to the right by one step 
at each operation, and entering the respective means under the 

!!yi — , !!LlL. — &c., terms of the observations, thus forming a second 

line of our table ; the means in our second line taken in order will 
be equal to the sum of the terms of the following expressions — - 



1st mean=t^ + %sin(Ui4" \ ) — +%sin( U3+-— — Sg | 



fe 



ini 1 



+ % sin I Ug + 



m—li \ 1 , 

bo I — ■+, 

2 'Jq, 



2 

m+1 



&c. 



UiH hi I — •+%siniU3-}- — ^r- ^2 ) — 



2 
m + 1- 



4-%sin{U3 4-— ^^^3 ) — + , 



2 / ih 
m+3 



&c. 



» / fyh ~l^ 3 T \ X • { -w-x wb "f" 3 7 \ 1 

3rd mean=w+%smi Ui4- — ^ ~ o^ ) — + ^3Smi U2+ — -— \ 1 — 

4%sin(U3+^^^^ \\ — + 5 &c. 



{w.— (w^ — 1) l^^rrit -f'Z^j^ sin 



m 



Ui + {^/i~I^|5i 



11^ 

2^1 



4- % sin 



U,+ %• 



m + lli 1 1 



2 



'3 



2^2 



4-'^% sin 



Ug + ^fX' 



f ^-|_2"| X "1 1 



2 



% 



+? <&c. 



If these means which are entered be subtracted from the observa- 
tions column by column, then the remainders will severally be equal 
to the sum of the terms of the following expressions — 



1st remainder ='2^1 sin { Uj^ + -- - \ ) ^ +^{3 sin / 112 + ""^ ^\ 






Ug 4- — ^c— &3 I + J &c. 



/ /yyy -L. T \ <7 - 1 /' ^ f}^ -4- 1 \ O^fi """ 1 

2nd remainder =% sin i Ui + -~ h^ j ^1 + % sin i Ug + -^—^2 1^^ — 



m^+K \gs-i 



+1^3 sin 1 1X3 + ''-^— ^5^ )'i^ — -+, &o. 



) 



% 



m + B 7 \ gi— 1 



3rd remainder =Ui sin j Ui+~^ — hi \ 






ii Q u 
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{„_.(«,_l)}th^^^ gijj r u^4./'^„!!i+l\ 5^ j 3rzJ: 



Let these remainders be entered in the third line of onr table. 

Again, if successive means be taken of m of these remainders 
precisely in the same manner as the means of the observations which 
were taken before, we shall have a set of second means, and similarly 
if these means be subtracted from the first set of remainders we shall 
have a second set of remainders ; and, further, if these operations be 
continued r times we shall have an Hh set of means and an rth set of 
remainders, and the rth set of means taken in order will be equal to 
the sum of the terms of the following expressions* — 



1st mean=: t^j sin (11^ + Th^ \ 



9.1 



+ Uc, sin /'Ug + --^ rl^ l?iZ:i)!J + , &c. 



2nd mean=?^i sin (jj^-^'^^zl r\-\-l\ fa""^^)' ^ 



+ u^ sin f Ug 4r i^-Zi r&3 + 1^ (^"Z^L' + , &c. 



8rd meanrrr^i sin (tJ^-\--IiL t\ + 2\ \ (gi--^)!j 

^ 2 ) q.{ 



+.^,sinfa+!!^-Zir5g + 25/)fer-^)' V^ & 



j^_^/„,._lVj''==^.,sin |Ui + 4-^^^^^ 

^u,^h^^J5,-v{n-^'^^r-^i^^^ &c. 

And similarly each of the rth remainders will be represented to be 
equal to the sum of the terms of the following expressions — 

* See two next paragraphs. 
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Isfc remainder =% sin { Ui + — - — rhj \ iil 1 



T 



+ u^ sin j U3+ r&g ) -^2^ L -f- , &c. 

\ 2 / ;g/ 



2nd remainder =^^1 sin ( Ui +— ~r — ^^i+^i J -^^^^ 

\ 2 / gf 



4" %^ sin I Ug + — - — r&2 + &2 j ^^ + , <fec. 



3rd remainder ==«ti sin / U-, + — tt— ^^i + ^\ \ ^ 



r 



+^,sin JlJ2+^t.-^^r--iy5jl2CZ^^ <&c. 

Pursuing tlie mode of entry adopted for tlie first means and first 
remainders, the rth means will occnpj the 2rfcli line of our table and 
the rth remainders the (2r + l)th line. 

In future we shall for shortness write — 

14. The following calculations are made for readj reference^ and 



(a^iy-i (a IV 

to show how the factors. of the form M 1 — and -^ ^ which 

occurred in our rth means and rth remainders are obtained — 
The factor for — 

1st means =-. 



1st remainders =1 



2nd means 



q q 
,g-l 



f 



2nd remainders—-^ ~ i-_.r=ii ^^ ,.. ^ £=M_ — £Ai 1 

JL -*> I'M* -*- 



g,2 
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3rd means 



iq-iy 



cf* 



Srd remamd ers — il — --L- — lA — __£_ = il ^ ^ ^ ^^ ^ 

(q-iy(q-l) _(q-l)^ 



g3 gS g^ 



q^ q^ 



rth means =zil 1 — . 



rth. remainders 



_(q-iy-l_ (q-iy-l _(q-iy-iq-(q-iy-l 
g'-l q'- qr 

= (g-iri(g- i)^ (g-i)'- 

q' qr 

15. We must notice that at each operation of taking means we 
lose — — - values at each end of the series, thus the rth mean series 

commences in our form after — '^r observations. For this reason 

2 

suppose strong vertical lines are drawn in our form at the v^~ ^ r^^ 

observation from each end, and let us confine our attention hereafter 
to the series embraced between the two strong vertical lines. 

16. Then, of the numbers occupying the first vertical column from 
the first of the strong vertical lines mentioned above, the following, 
viz., an observation, an individual of the first set of means, an indi- 
vidual of the second set of means, an individual of the third set of 
means, &c., an individual of the rth set of means, and an individual 
of the rth set of remainders, will have for their mathematical equiva- 
lents tbe following expressions, taken in order, viz., 

1st observation from the observation series 

■=zu-\'Ui sin (Yj) -^-u^ sin (Vg) +, &c. 
1st mean from the first set of means 

1 1 

=u-\-u^^in(Y{) — + ^^3sin(V3) — + , &c. 

9.1 % 

1st mean from the second set of means 

= u^ sin ( Vi) klU^ + u, sin ( V^) ^"I^ -f , &c. 
1st mean from the third set of means 
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^1 W 



1st mean from tlie rth. set of means 

=^isin (Vi) ^11:11™+ ^2 sin (V2) (g2-^)C^ f , &c. 

1st remainder from rth. set of remainder 

9.1 %' 

and similarly the corresponding numbers from tlie second vertical 
column will be represented by tbe following expressions — 

2nd observation from tlie observation series 

= w + ti]^ sin (Y]^ + h^ + u<^ sin (Vg + Z^g) -f ? &c. 

2nd mean from the first set of means 



= %i + u^ sin (Y;l + ^1) — + ^^2 sin (Y3 + Jg) — + , &c. 
2nd mean from the second set of means 

=2*1 sin (Yi + 5i) 2qi + .(2sin (Y^ + y ^2^^ + , &c. 

^1^ g2^ 

2nd mean from the third set of means 

==^1 sin ( Yi + 5i) ^~:^% ^^3 sin (Y3 + 53) li^Z^^ 

^1 9'2 



2nd mean from the rth set of means 

= wi sin ( Yi + 5i) (iiZl^— + u^ sin (Y3 + \) ^^^"^^'I^ + , &c. 

^1' ^2' 

2nd remainder from the rth set of remainders 

=7^1 sin (Y1 + &1) (illl?l!'+ ^^3 sin(Y3 + &3) ^1:11%, &c. 

And the corresponding numbers from the (p + l)th vertical column 
will be represented by the following expressions — 

(29 + l)th observation from the observation series 

=zu+Ui sin (Vi +p&i) +■ % sin (Y3 +^1)2) + , &c. 

(p + l)th mean from the first set of means 

1 1 

=:u + Uj sin (Y1+J9&1) — + 1*3 sin (Y3 4-i?&3) — + , &c. 

^1 9^2 
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(p4-l)th mean from the second set of means 

=^.l sin (Yi+i^&i) ilZ^ + ^gsin (Y^^p\) ^^^, &c. 
(p + l)tli mean from the third set of means 

=tti sin (Yi+i^&i) (gi~/)% ^ sin (Yo+pW ^i3ZJ:Z + , &c. 

9.1 ^ %' 



(p + l)th mean from the rth set of means 

=:u^ sin (Vi+p\) ^"lli'I^+^gsin (V^+:ph) (iill^lll! + , &c. 

(p + l)th remainder from the rth set of remainders 

=u, sin (Yi f p&i) ^-^rzp:+u, sin (Y, +P&3) ^nl)!!^ + ^ &e. 

And therefore if we use a variable integral number P (which maj 
be zero) as a multiple to the angle of the type &, we can make one 
general expression serve to represent the numbers of any one horizontal 
line; this will be for the 1st, 3rd, 5th, &c., lines as follows : — 

1st line, observation series 

=^ui-{u^ sin (Yi +P&i) } + {% sin (Yg + P^^) } + , &c. 

3rd line, 1st mean series 

='^+Ksin;(Yi + P&i)}l. + {%sin(Y3 + P&3)}-i-+, &c. 

9i % 

5th line, 2nd mean series 

= Ksin(Yi + P&i)}il~i + {..,sin(Y3 + P&,)}i^-:rl^,&c. 



^1^ ^3^ 



7th line, 3rd mean series 



= Ksin(Vi + P&i)}^^^-+Ksm(V3 + P&3)}^il! + , &. 



^1 %^ 



(2r + l)th line, rth mean series 

= {u^ sin (Yi + P&i) }fa~^)!l^ + {^3 sin (Y3 + P63) } fe~^) !l^ + , &c, 

^/ 9^3'' 

(2r-f-2)th line, rth series of remainders 

Ksin(Yi + PM}^^^~"'^^' + {%sin(Yo + P?A.)}^^^'"^^' + , &c. 

Where when P is put =0, 1, 2, &c., successively the expression in 
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each case ^ives the value of the first, second, third, &c., numbers 
respectively to the right of the first strong vertical line. 

17. We shall now take the sum of all the mean series and put the 
result by one series only, thus the sum of all the mean series is equal 
to— 

^ ^i ^1 ^1 9.1 J 

+ Ksin(V3+py}{i4-i^-::^^+^-^ 
Suppose s=i+i:;l+(i=;l)^+(ir:^ 

q (f q^ q^ q"^ 



H'H^)-(^y-(^)'--(^r}' 



therefore 



Hence by subtraction S-=-<l — (^^ ) I, 

q q^ \ q y i 

by division S= 1 -/'iZlly. 

18. From this result we can write the sum of all the mean series — 
=«+{«! sin (V1 + P61)} |l-telYj 

+ {m2 sin ( V2 + P&2) } 1 1 - fcl Y + , &o. 

Thus from one series of observations we get two series, one is the 
sum of several mean series, and the other the series of last remainders, 
and of course the sum of these series is equal to the observation 
series ; thus whenever we want the sum of all the mean series we 
shall get it by subtracting the last remaining series from the corre- 
sponding observation series. We shall rewrite these series below and 
call them observation series, mean series, and remaining series respec- 
tively. 

Observation series 

=2^-l-{^isin(Vi + P6i)}-f-{%sin(y3 + P&3)}4-, &c (6). 
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Mean series 

=M+ {«! sin (Vi + P6,) } { 1 -(-—)' } 

+ >,sm(V3 + Pi,)||l-fclY}+,&c. . . (7). 
Remaining series 
= {«isin(Vi+P6i)}(2rziy+{«,sin(V3 + P&3)}('^^— J+, &c. (8). 

Through out these three expressions a particular value of P will 
correspond to a particular vertical column, the next greater value of 
P to the next vertical column, and so on. 

19. We have up to this point derived these last two results as general 

with respect to the factors of the type - which depend on the value of 

??2, and of this we have only said that it is an odd whole number. 

Oar next step is to see what conclusions we sLall arrive at when we 

apply some particular value to m, 

(1.) Suppose that mc is less than K]^? therefore it is also less than each 

of K2, Kg, &c., and mbi, mb^, &c., are each less than 27r ; thus the factors 

. m&i . wbbc, 
sm — i sm '^ 



- 2 11 
" ^ &c., or their equivalents — , — , &c., are positive. 

msin—i msin-? ^i ^2 

2 2 

We have shown before that each of the above factors is a proper 
fraction, and consequently each of their equivalents is a proper frac- 
tion ; thus each of qi, q^, &c., is greater than one, and therefore the 

value of each of the factors ( ^iH- ) , ( feZL- ) , &c., when r is suiSi- 

\ ^1 / \ % J 
ciently great reduces to zero. 

(2.) Suppose that mc is equal to K^, therefore it is less than each 
of Kg, Kg, &c., then, as before, we can show that — is zero, and each 

of g'g, g'g, &c., is positive, and the value of ( ^IH- ) or ( 1~- ) is one, 

and the value of each of the factors (i^H—), ( i3~l_\ ^ ^^^^ ^^ 

sufficiently great, reduces to zero. Thus, when mc is equal to the 
period K^, and the number of operations of taking successive means 
and remainders are sufficiently performed, the remaining series will 
be reduced to u^ sin (V^-j-P^^), or a subordinate series in the observa- 
tion whose period is K;^. 

(3.) Suppose that mo is greater than K^ and less than 2K;^, and 



en r is 
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less than each of Kg, Kg, &c., thei), as before, we can show that qi is 
negative, and each of q^^ q^, &c., is positive. 

Let g^i=— -Qu then the factor (iLIl~\ =/ 1-~__ \ will be equal to 

(!-}--__ I ==/ -^1 I and the value of each of the factors (S^ZL.) , 

/i? \ ^(3., where r is sufficiently great, reduces to zero. Thus, 

when mo is greater than the period Kj, less than Kg, and less than 
double the period of Kj, and the number of operations of taking 
successive means and remainders are sufficiently performed, the re- 
maining series reduces to {'i^j ^^^^ (^i + -P^i)} (-^7; — j? ^^ ^ ^^^' 

ordinate series in the observation series whose period is K|, and the 
value of each term of the series is greater than the corresponding 

term of the original series : since ( -^1™~ | is greater than owe, and 

when r is large enough, ( -^1- — | can be made as large as we please. 

20. Up to this point we have treated the above subject by sup- 
posing that m is an odd number. By simple inspection it will be 
seen that when m is an even number the results will be quite similar 
to the one when m is an odd number, but the labour of operations of 
taking successive means will be twofold. Because the mean of m 
values from which the mean is taken will not correspond to any of 
the values in the lot, but will correspond to the middle of some two 
consecutive values, and for this reason the mean should be written on 
the line instead of in the column on our form ; and after the opera- 
tions of these first means are performed, we must take the mean of 
two consecutive means found out first, at both sides of any particular 
column, and put it in the column. Then these second means thus 
found are to be subtracted from the corresponding values from which 
the two sets of means are derived. Similarly from these remainders 
new means and new remainders are to be found precisely in the same 
manner as spoken of above. In order to keep our language the same 
whether m is an odd or an even number, we shall always, in the case 
where m is an even number, give the name of first set of means, 
second set of means, &c., to those means found by two of the opera- 
tions described above. 

21. This suggests that we must always prefer m as an odd number, 
except when there is real need of preferring m as an even number, 
since the labour of operations, when m is an even number, is greater 
than when m is an odd number. It will be seen further on that 
there is sometimes real need of taking m as an even number. 
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22. The three results which we have found above are very im- 
portant, and we shall now show their ntility, and discuss some more 
cases from them which we have not yet discussed, by taking some 
particular examples by which we can show our method of tracing 
unknown periods. 

Suppose we have at our disposal a long series of daily means (say) 
of barometer observations, and we suspect in it a period of about 
25 days. The first thing that we shall do is, that we shall take a small 
series of daily means and curve it on a curve form, and see generally 
the period of duration of turning points between successive maxima 
or between successive minima. Suppose the duration of the period found 
was from 5 to 10 days, then we shall take the least period of 5 days, 
that is, we shall adopt 5 as our working value of m, and work the 
processes as already discussed with the whole series of daily means, 
until generally each mean of the last mean series is less than 2 (say) in 
the last place of figures.* We shall take then for further treatment the 
sum of all the mean series instead of the original series. The sum of 
all the mean series will be found directly by subtracting the last 
remaining series from the first daily mean series. We shall take this 

series for a second set of operations. The number we shall take for 

(1 QA-L. 77-5\ 
I = nearly 36, but we shall take 35 because 

the operations are simpler for odd number than for even number. Now 
we shall have 35 as our working value of m, by which we shall con- 
tinue the operations, say up to 5th, and then curve the 5th remaining 
series on a curve form. If there be only one period in the series from 
about 17 to 85 days, we shall begin to get simple harmonic waves in 
the fifth or in some further remaining series ; but if there be more 
than one period the result will be compound, about which we shall 
discuss presently. But first suppose that there is only one period. 
If we do not find definitely the duration of simple wave curve in 
the 5th remaining series, then we shall continue the process on to 
the 6th remaining series and curve on the same curve form and 
with the same zero line, until the duration of simple wave curve is 
definitely found. It may here be mentioned, that if the period is not 
of an exact number of days, we should have a long series to begin 
with, so that we shall take some exact number of waves from the last 
remaining series and find the number of days in them, and divide the 
days by the number of waves, and the result will be the number of 
days in the period. We must also remark that if there should be no 

*^We always have some limit of accuracy of observing the instruments and re- 
ducing the observed values ; for example, we observe barometer to a nearest 
thousandth of an inch, and also reduce daily means to a nearest thousandth of an 
inch. By less than two in the last place of figures, in this case, we mean less than 
two thousandths of an inch of barometer, and so on. 
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simple harmonic period of exact duration — 25 days — that we have 
been vsuspecting and searching for, the process we have been per- 
forming will still tell us if there be any simple harmonic period of 
any duration between (say) 20 and 30 days. The only difference 
we shall have is in these cases that we shall have to increase 
the number of operations to find the remaining series. In the fol- 
lowing table we shall give a few numerical results of the factors — 



. 357r 

sm^ 

20 



35 sin 



TT 



20 



. 357r 1 

sm 

25 



35 sin 



TT 



25J 



, and 



sm 



35 



TT 



80 



35 sin 



w 



30 J 





Numerical values of the factors. 




r . 357rl 
sm — 
20 

35 sm 

20 


r 




r . 357r^ 

sm^25 

1— ^ 
35 sm 
25 


r 




. 357r^ 

sm ■ 

30 

35 sm — 
30 


r 


When r = l 

„ r-=1 

„ r = ll...... 

„ r = 12 

„ r = 16 

„ r = 18 

„ ^ = 24 

„ r = 36 


1 -1291 

2-339 

3-802 

4-293 

6-977 

8-895 

18-43 

79-12 


1 -2168 
3-886 
8-441 
10-25 
22-26 
32-81 
105-0 
1076 -0 


1 -1367 

2-452 
4-094 
4-654 
7-770 
10-04 
21-66 
100-7 



The object of introducing the above table is only to give a rough 
idea to the reader of the rapidity with which the numerical values 
of these and such similar factors increase after a certain number of 
operations of the remaining series. 

23. Suppose we have suspected only the period of 25 days, but in 
reality there is not any period between 5 and 35 days ; the result will 
be, as investigated before, that the range of remaining series will be 
lessened and lessened, until each term of the last remaining series 
will.be less than two in the last place of the figures. 

24. Suppose in the daily mean series we have a real existence of 
the two periods (say) 25 and 20 days, we shall still find the existence 
of the period of 25 days. Because the numerical value (regardless of 



oxn »- 



35 



TT 



sign) of the factor 



aO 



35 sin 



TT 

25 



is greater than the numerical value 
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3^^ 



■JTT 



20 
(regardless of sign) of tlie factor sin (refer to tlie curve of 

35 sin -— 

20 

factors) and consequently / ^^^ j can be made as large as we please 
in comparison witli | ^^ ) wlien r is large enougli, wliere / — ■ — j 

stands for the former factor and / --- — ^ | stands for the latter factor. 

Thus if the compound result in the last remaining series be curved 
out on a curve form the maxima and minima of 25 days' period will 
be apparent. Similarly if any number of compound periods be mixed 
in the last remaining series, still by sufficiently increasing the number 
of operations the 25 days' period will be apparent. In conclusion we 
can say that among the periods which may have mixed in the last 

remaining series the one of which the factor of the type / - j has the 

greatest numerical value (regardless of sign) will be apparent, 
whether the period is of 25 days or not. 

25. The only case in which the period will not be rendered dis- 
tinctly apparent is, that when the two periods are such that their 
factors of the first mean series are equal to one another, and then the 
two variations will continue combined in the same proportions as in 
the original observations. 

26. We have in the above example stated that when we find syste- 
matic movements in the daily mean curve, of which the duration is 
from 5 to 10 days, we must first work the series with five day 
operations, &c. It is not, however, essential, when the period which 
we are seeking is of a considerable range compared with that of the 
shorter period, then the period can be found without it ; but when 
the range is very small the first process of smoothing is quite 
essential. It is not also essential that we should stop the operations 
when the limit of the mean series is reduced to less than 2 in the 
last place of figures in the series, but we may stop at any stage of the 
process after considering what reduction will take place in the range 
of the period we are seeking. This is merely a process for making 
the series of smooth-flowing numbers without sensibly reducing the 
range of the larger periods. 

27. The process of smoothing series generally in practice is to take 
the mean of two consecutive numbers, and put it down below and on 
the line between the two numbers, and so on with each pair of 
numbers in succession. IN'ext from this new series the same thing is 
repeated up to a certain number of operations. One effect of this 
process is to reduce the range of each simple harmonic variation of 
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wMcli the original series is composed. Tlie extent of tliis reduction 
of range is shown in the following expression for the series that is 
found after S repetitions of such smoothing operations : — 

Smoothed observation series* 
%z=z-\- [u^ sin (Uj + P&j) } cos^ — i -f {% sin (Ug + P&g) } cos^ — ^ + , &c. 

It will be seen at one 3 that as the period is smaller and smaller, we 
have greater and greater reduction and vice versa. 

28. We shall, however, give a clue when a series contains enormous 
irregularities, to the distribution of each number amongst the ad- 
jacent columns, that is effected by our two methods of smoothing. 
We shall give this by supposing that we have a series whose terms 
are 13, of which each of the first and last 6 has the value zero, and 
the 7th has the value 64. The result of six smoothing operations of 
the second method gives 1, 6, 15, 20, 15, 6, 1. From this we see that 
the reduction for the middle term which occupies the same column as 
the number 64 in the original set is rapid, and the distribution 
amongst the adjacent terms is smooth-flowing and of a convergent 
character. 

29. We shall now apply our first method to a series whose terms 
are 37, of which each of the first and last 18 has the value zero, and 
the 19th has the value 343. Suppose we have a number 7 for a 
working value of m to start the operations, we shall after three opera- 
tions get a series of 19 terms whose values are +1, +3, +6, —11, 
-27, -42, +91, +75, +57, +37, +57, +75, +91, -42, -27, 
— 11, +6, +3, +1. From this we see also that the reduction is 
rapid for the middle term, and the distribution amongst the adjacent 
terms is in smooth-flowing waves which grow smaller and smaller and 
ultimately vanish. 

Method of finding the Amplitude of a Variation of hnown Period. 

30. The processes which we are going to apply for this purpose are 

. nh 
sin_- 

2 
^ This may be easily understood if we put n = 2in the factor of the series 

. 5 

n sin — 

2 

n ' h h 

. , 2 sm— cos — 

4 in paragraph 7. When n = 2 the factor becomes 7=- ■ = cos -for 

2 sin- 2 sin ^ ^ 

2 2 

the first operation, and in the same way it becomes cos— cos — , i.e., cos^— for the 

2i 2 2 

second operation, thus for S operations it becomes cos» -. This may be taken as a 

2 

type of the factor for each expression of series of the type Vu sin (U + Pi)]-. 
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slightly different from the preceding ones : we shall, therefore, first 
of all apply them to the general form and then to particular examples. 

31. Suppose that mc=K^i where K^ is a known period and m is some 
integral number. Then using m as working value let us find as 
before the first mean series from the observation series, the first series 
of remainders, and the second mean series ; but instead of subtracting 
the terms of the second mean series from the corresponding terms 
of the first series of remainders to get the second series of remainders, 
let us add them in the same order and call this series the first 
difference and sum series. Again from this series let us find, in the 
same manner as stated above, the second, fche third, &c., and the 
rth difference and sum series. The rth difference and sum series will, 
as will presently appear, be of the following form — 

«isin (Vi + P&i) (l-iy+u, sin (V3+P53)fl-i:-Y+-, . . . 

\ 9.1/ \ 9.^/ 

W^sin (Y»+P&;e)( 1— — ) ^-Un+i^hl{Yn+i^-^hn^i) (1—-——) +, &C. 

.... (9). 

32. The following calculations are made for ready reference and to 
show how the factors of the form i\ — — | , which occurred in our rth 

difference and sum series, are obtained. 

The factor for 1st means =-. 

9. 



The factor for 1st remainders 



=('4)- 



1)1. 

9/9 
The factor for 1st diiference and mean series 



The factor for 2nd means = j 1 — _ ) 



\ 9) \ 9) 9 \ 9)\ 9) \ 9y 



The factor for 3rd means = / 1 — | 
The factor for 3rd remainders 



79 



C-7)-0-?)rC-T.)Ci> 



The factor for 4th means =:/l — . — \ll — - J 

V 9V \ 9) 



1\1 

9 
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The fact©r for 2nd diflPerence and sum series 

=('-T.)C4)^C-7.)0-J)rC-?)Ci)(-D 

=('-?)0-7.)=M.)" 

Thus it can be shown that the factor for rth difference and ^um series 

33. N'ow the last factors of all the terms in the series (9) contain a 
term of the type — -, so that all these factors are positive, and, as 

"before, it is easy to see that each of them has a tendency to vanish 

as r increases, except in the cases where the terms of the type — 

T 

have the value zero. The only terms of the type -—, whose values 

will be zero^ are those which are formed from the sines of the angles 
mbn^ 2mhn, '^rrhhw, &c., because these angles alone are some integral 
multiple of Stt. Thus when r is sufficiently great the series (9) will 
be reduced to — 

Un sin {un +.P6^) -f Unci siu (U^g -f 2P5^) -f Un^ siu (U^3 + 3P&w) + , &c. 

If we curved now the first m values in order out of the last 
horizontal line of our form which forms our rth difference and sum 
series^ it will be a variation with its full amplitude of the known 
period m, and if the next m values be curved in the same way we shall 
have a repetition of the same curve, and so on. 

34. AlthouQ^h we have shown that the factors of the form ( l— — \ 

when — is not ^ero, and r is sufficiently great, reduce to zero, yet the 

reduction of the factors which are formed for the periods less than 
mc is so much slower than the factors which are formed for the 
periods greater than mc^ that it is almost impracticable to continue 
the process to the limit. We shall therefore in what follows, in- 
vestigate a particular case of a known period, and we shall find it 
advantageous to use partly our method and partly the usual method 
of combining the series with the known period. 

35. Suppose we have a series of daily means of barometer observa- 
tions in which we have detected a period (say) of exactly 36 days, 
by the method already described. We shall, first of all, in the 
following table, give factors of the kind in series (9) for different 
values of r and different values of the periods of the type K. 

VOL. xxxvi. 2 D 
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nb 

"2 


90° 


108^ 


257° -4 


442° '2 


624° -6 


805° -8 


986° -4 


1167° -0 


1347° -6 


K 

(Period in 

days). 


72 


60 


25-2 


14-65 


10-37 


8^04 


6-57 


5-55 


4-81 


1 


•63622 


•50409 


- -21610 


+ -12640 


- -08850 


+ •06721 


- ^05348 


+ -04368 


- -03626 


1 


•40478 


•25411 


•04670 


-01597 


•00784 


•00452 


•00286 


•00191 


•00131 


^-h 


•59522 


•74789 


•95330 


•98403 


•99216 


•99548 


•99714 


-99809 


•99869 


HY 


•07471 


•2309 


•78732 


•92260 


•96140 


•97758 


•98583 


•99049 


•99346 


Hr 


•00558 


•05330 


•61987 


•85134 


•92428 


•95567 


•97186 


•98107 


-98697 


HT 


•00042 


•01230 


•48804 


•78551 


•88859 


•93423 


•95808 


-97168 


•98051 



In the above table, the periods less than mc of the type K which 
we have selected are those that have maxima or minima values of 

their first factors of the type - so that their factors of the type / ™— ^r— V 

q ^ ^ \ f / 

will have the greatest possible reduction, that is, factors for inter- 
mediate periods will reduce at slower rates. 

36. We also see that when r is equal to 5, we have the factor cor- 
responding to the period 72 days reduced to -^-^^ and from this we can 
infer that the factors corresponding to greater periods than 72 days 
will be reduced to less than y\. So that for all practical purposes 
we shall make the operations 5, and assume practically that in the 
fifth difference and sum series we have reduced all series of the periods 
72 and greater than 72 days to ^ero, and retained in their full magni- 
tude all the series of the periods less than 36 days, whilst the series 
of periods intermediate between 36 and 72 days will be only partially 
obliterated. Such a series may be represented by 






{^*j^sin(UjL + P&i) + 'i*3 sin (Ug + P&g) -4- , &c.} 

.2A . . /x-r . ^4^ 



U+P|^j + ^.2sin(^U,3 + pg^ + , &c.| 



+ 



I ^jsinj 

sin (U^+;^ + P&^+i)+'W«+3sin(U«+2 + P5,,^3) /£!!^|I1_\ +, &c. 

In the first pair of brackets of the above expression, we have 
arranged those terms of the simple harmonic series whose periods are 
less than the period of 36 days, but not any of the period of the 

form — where N is any integral number; in the second pair of 
brackets of the expression, w^e have arranged those terms of the 
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simple harmonic series whose periods are of the form. 1--, that is, it 

contains all the harmonics of 36 days ; and in the third pair of 
brackets of the expression, we have arranged those terms of the 
simple harmonic series whose periods are greater than the period 
36 dajs. Suppose in the fiffch difference and sum series, or in the last 
horizontal line of our form, we have 36M values where M is some 
large integral number. Suppose we have another table ruled with 
more than M horizontal and 36 vertical lines. In the first horizontal 
line let ns enter 36 numerical values from the commencement of the 
series in order, in the second horizontal line the next 36 numerical 
values, and so on, in the Mth horizontal line the last 36 immerical 
values. Let the sum and mean of each vertical column be taken in 
the (m 4" l)th and (m -f- 2)th horizontal lines respectively; then 
these means are the subject of our present investigation. 

37. The general term of the simple harmonic series in the first 
horizontal line is — 

UKm. (U+P&) ; 

the general term of the same simple harmonic series in the same 
vertical column of the second horizontal line is — 

limn (U + P&f36&); 

the general term of the same simple harmonic series in the same 
vertical column of the third horizontal line is — 

umn {U + P& + 2 (366)}; 

the general term of the same simple harmonic series in the same 
vertical column of the Mth horizontal line is— 

umn {U + P& + (M~1)(36&)}; 
thus the mean of this vertical column will be — 



-wsm 



in I (U+ P&) + ^:^mi \ 






M' . '6Qb 
sm 

2 



then the general series may be written- 



u sin I fv +Ei:2-B6h\ + Fh \ sin 



M. 36& 
sm 

2 



Thus the last horizontal line of means in our new form, which is 
composed of 36 values, will be of the form — 

2d2 
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365i 

sin I TUi + -^^ 365i^ + P&i j 



sinM 



«*i 



2 



Msin 1 

2 

M gin- ? 

2 - 



T" 






smM — ?i^ — /a„a.i— IX' 






M sin _!Ltl 
2 



+ 3 <feC. 



And it can be sliown that tlie last factors of tlie terms in the first 
and the third pairs of brackets, where M is sufficiently great, reduce 
to zero (see curTe of factors in fig. 1). Thus the 86 mean values 
found in the last horizontal line of our new form will represent the 
Tariation of the 36- day period. 

38. Fext suppose that the period which we have detected is not an 
exact number of days but (say) of 36'4 days, we shall still take the 
nearest integral number, viz., 36, as our working value of m, and by 
it find (say) the 5th difference and sum series as already described. 
In this case the amplitude of the variation of the period of 36-4 days 
will be slightly reduced in the 5th difference and sum series. The 
reduction of the 1st simple harmonic variation that is of the period 
of 36*4 days will be (1 -•99954), that of 18-2 days will be (1 -.-99954), 
that of 12-13 will be (1--99954), and so on. The next thing is to 
show how the series is to be combined, which we are going to show 
in the following manner. 

39. In the first horizontal line of our new form, we shall enter first 
36 values. In the second horizontal line 8 values, from the beginning 
of the next 37 values, will be entered up to the 8th vertical column, 
but in the 9th vertical column we shall enter the mean of 9th and 
10th values out of the 37 values intended for the second horizontal 
line ; in the rest of the horizontal line the remaining values will be 
entered. The object of combining the 9th and 10th values and 
entering the mean result in the 9th vertical column of the second 
horizontal line is that, since we are dealing with exact days only, we 
must enter the values in the columns in such a manner, that the error 
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of distribution must not be greater than half a day, and so tbe mean 
of the 9th and 10th values, which was found more appropriate to 
9th column than any other column, was entered in the 9th column. 
Similarly up to the mth horizontal line, the values will be entered by 
properly combining two values for entering in one column as many 
times as need be in the course of entering the series in the manner 
stated above. Also the sums and means of each vertical column are 
taken in the same way as in the preceding example. We will not go 
into details, as in the preceding example, but can simply say that the 
last numbers of our new form will be the variation of the period of 
36*4 days with its almost full magnitude, and for 36 points, the 
intervals between which from point to point will be 1 ^^^^ days. 

40. We should remark that the process of difference and sum series 
has also an obvious advantage in separating the observation series 
into any number of difference and sum series without affecting the 
series by the process. By affecting the series by the process, we mean 
that in the former process for the revxaining series and mean series, if 
we take any arbitrary number as our working value of m, and if there 

should be periodicities lying between ■ — and mc, we shall get the 

periodicities mixed up in both the series with a greater amplitude 
than the original series. These separations are very useful for the 
first trials when suspecting approximate periods. 

Application of the Process and Detection of a Period of about 9\ Months. 

41. For this purpose we have taken means of barometric pressure 
at Bombay, from 1847 to 1872 and 1873 to 1878, thus forming our 
Table I. The first part of monthly means is also given in Table I, 
page 11, of the volume entitled "" The Meteorology of the Bombay 
Presidency," by Charles Chambers, Esq., E.R.S., Superintendent of 
the Colaba Observatory, Bombay ; and the last part at the foot of 
Tables I to VI, pages 58 to 63 of the " Bombay Magnetical and 
Meteorological Observations, 1871 to 1878." The description of the 
barometer and mode of observation, &c., are fully given in both the 
volumes. With the numbers in Table I, we have performed one 
operation to get the first difference and sum series by taking 12 as our 
working value of m, and the result is entered in Table II. The 
numbers in Table II are subtracted from the corresponding numbers 
in Table 1 and entered in Table III. At the foot of Table II we have 
entered the mean for January in the 24 years, 1848 to 1871, the mean 
for February in the 24 years, the mean for March, &c., &c., up to 
December.* These means form the annual variation of barometric 

^ Properly speaking, we should have taken the means of thirty years, 1848 to 
1877, instead of 1848 to 1871 ; but first of all we have taken for our discussion the 
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pressure for the 24 years. If we add the constant 29*808, the annual 
mean of 26 years, 1847 to 1872, to the 12 numbers in our Table II, 
then these numbers will be found almost identical with the numbers 
at the foot of Table I, given in the Meteorology of the Bombay 
Presidency. The 12 numbers at the foot of Table II were then 
subtracted in order from each of the rows of 12 numbers commencing 
from January, and ending with December for each of the years 1848 
to 1877 of the same table, and the remainders entered in Table TV. 
Again, with the numbers in Table lY, we have performed three 
operations, taking 3 as our working value of "in to get the third 
difference and sum series, which we have given in Table Y, then the 
numbers in Table Y were subtracted from the corresponding numbers 
in Table lY, and entered in Table YI. 

We need not say that the sum of the numbers in Tables III, Y, 
and YI, from July, 1848, to June, 1876, and successive repetitions of 
the corresponding numbers of annual variation at the foot of Table II, 
taken in order, will be equal to the corresponding numbers in Table I. 
The numbers in Tables III and YI are curved in figs. 2 and 3 respec- 
tively. We presume that the curve of fig. 2 is composed of periods of 
more than 12 months, and that of fig. 3 is of less than 12 months and 
greater than three months. By looking at the oscillations of the 
curve of fig. 2 we suspect that amongst the periods there are periods 
of II or 12 years, 4 J years, and 2 years. By looking at the oscillations 
of the curve of fig. 3, we see that amongst the periods there is a great 
predominance of a 9J-monthly period. This we have ascertained in 
the following manner: — We have first of all marked by a cross 
(thus X ) all the minima that have their time-interval from one 
minimum to next minimum 8 to II months, or any integral multiple 
of 8 to 11 months, and then filled up the rest 8 to 11-monthly minima 
that were less marked by a mark (thus 0) . It is remarkable that the 
oscillations are more prominent and. of greater amplitude from the 
year 1849 to 1862 than from the year 1863 to 1876. If we count the 
marks of minima commencing from July, 1848, and ending with 
November, 1876, they will be found to be 37 ; thus there are 36 
periods in 340 months, i.e.., 9^ months, as an average duration for the 
period. 

42. Again, we find that there are intermediate minima which are 
of less amplitude than already stated, and the duration of which is 
also from 8 to 11 months. These also we have marked by marks 
{^ and 0), as in the preceding example. In the present case both these 

series from 1847 to 1872, and have made all the operations we are going to describe. 
But afterwards it was thought proper to add to the above result the six years 1873 
to 1878, which were available. But as the work was far advanced it was not 
worth while to go into the trouble of doing the work over again for the sake of 
including those six years. 
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marks are made on the upper side of tlie curve, while in the preceding 
case on the lower side of it, to distinguish them from each other. 

43. We find from May, 1858, to October, 1866, that the occurrences 
of these minima have disappeared. From December, 1848, to May, 
1858, there are 12 periods, that is JJ^=:9^ months for a period, and 
from October, 1866, to April, 1877, there are 13 periods, i.e., -W® = 9f 
months for a period. From, this we might guess that to form such a 
curve there must be two prominent periods, which may be as (say) 5 
and 9 1 months. 

, 44. To clear this doubt, we have further taken the numbers in 
Table YI, and performed five operations to get the fifth difference and 
sum series by taking 5 as our working value of m. These numbers we 
have given in Table VII and curved in fig. 4. Then the numbers in 
Table YII were subtracted from the corresponding numbers in 
Table VI and entered in Table VIII, and curved in dotted lines with 
the corresponding curve of Q.g. 3, and with the same scale and on the 
same zero line. ISTow, by looking at the oscillations of the dotted 
curve, it appears that it is of a simple harmonic character, and it 
confirms the 9^-monthly period as already described. But in both 
these curves (continuous and dotted) there are a few exceptions to the, 
confirmation of the 9^-monthly period. These exceptional periods 
are — from March, 1857, to December, 1859; June, 1863, to September, 
1866; April, 1868, to Janaary, 1871; and November, 1872, to the 
end. 

45. We shall now turn to fig. 4. By looking at the oscillations of 
this curve we again see that amongst the periods there is a great 
predominance of a 4|- monthly period. This we have ascertained as 
in the case of 9^-monthly period. If we count all the marks made on 
the curve, we have 65 ; thus there are 64 periods in 302 months (from 
June, 1850, to August, 1875), and \\2— .4.J72, i.e., nearly 4| months,* 
which is an average duration for the period. 

We should now here remark that, although in the continuous curve 
of fig. 3 we found that the occurrences of the subordinate minima 
have disappeared from May, 1858, to October, 1866, still they appear 
in the 4|-monthly period curve of fig. 4. 

Application of the Method to find the Duration of an exact Feriod. 

46. The writer had taken a small series of daily means of barometer 
observations, derived from hourly tabulations of barograph, uncor- 
rected to standard barometer No. 58, from 1st December, 1875, to 
31st December, 1876, for trial, when the method of detecting any 

^ The writer found worth noticing that the period of 4f months is almost an 
exact multiple of the 36i-da.y period which he has found further on in paragraph 
50. 
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simple harmonic waves of an approximately known period was in its 
infancy. The aim was to see whether on barometer observations there 
was any influence of lunar period, the duration of which is about 
30 days. The trial which we are going to describe was made in the 
earlier period of 1878, when the barograph tabulation was under con- 
sideration. Daily means of barograph tabulations, corrected to 
standard barometer No, 58, for this same period, may be found in the 
" Bombay Magnetical and Meteorological Observations, 1871 to 1878," 
pp. 60 and 61. The difference between the daily means, corrected and 
uncorrected to standard instrument, is very small, and not varying 
from day to day more than (say) about two or three thousandths of 
an inch. The treatment which was given to these daily means and 
the results which followed from it may be considered satisfactory. 

47. In order to get the series in smooth-flowing numbers, we have 
taken 15 as our working value of '?)^, and found first mean series. Then 
this series has been taken for further operation, and by taking 45 as 
our working value of m, we have found first, second, &c., up to fifth 
series of remainders. The first, third, and fifth series of remainders are 
curved in ^g. 5 in plain, dotted, and interrupted lines respectively, 
with the same scale and on the same zero line. Looking at the plain 
curve, we see that there are nine turning-points of minima, the dura- 
tion thereof being moderately uniform. If we take the first minimum 
in the middle of the small gap that occurs in the curve, we have in 
298 days eight periods. Thus an average duration of one period is 
about 87 days. Again, if we count the days from the second mini- 
mum, we have 258 days in seven waves, and thus an average duration 
is still about 37 days. Thus, instead of the lunar period of 30 days, 
we find a 37-day period. From this it is clear that if there be lunar 
period in the series at all, the amplitude of it must be much smaller 
than the 3 7- day period. 

48. The object of drawing the three curves on the same zero line 
and with the same scale is to show graphically the process of swelling 
the waves as the operations increase and of their appearance, as in the 
case of the third wave, which disappears in the first series of 
remainders. The object is also to impress the necessity of making 
smooth-flowing numbers before taking them for operation ; as in the 
case of second, third, fifth, and seventh waves, all the irregular move- 
ments in the first series of remainders are found to appear in the third 
and fifth series of remainders. With these remarks we conclude witL- 
out giving the numbers from which the present curves are formed. 

Second ApjpUcation. 

49. In order to test the reality of the period of about 37 days on a 
large scale, we have taken a series of weekly means of barometer 
observations at Bombay, commencing from 1st January, 1848, and 
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ending with the 2nd January, 1852, as the year 1848 was the first 
complete year when the system of hourly observations began 
without interruption at the Colaba Observatory. The weekly means 
were chosen in place of daily means for two reasons, first that as 
no observations were made on Sundays and a few holidays, no 
continuous daily means were available during the period ; second, to 
save comparatively the labour of calculations of the processes. On 
some occasions when there were atmospheric disturbances, or for 
similar reasons, observations were made on Sundays and none on 
Mondays. For this and similar other reasons the weekly means were 
calculated from all the daily means from Sunday to Saturday. 

These means are given in Table IX, and curved in fig. 6 in an 
interrupted line. With these weekly means we have performed 
5 operations to get the fifth series of remainders. The numbers in 
the first and fifth series of remainders are also given in Tables tX 
and XI respectively, and curved with the interrupted line of fig. 6, 
and with the same scale in dotted and continuous lines respectively. 

50. Looking at the continuous curve, it will be seen that from 
24th week of 1848 to 8th week of 1849, we have 7 waves of simple 
harmonic character, and equidistant in duration. Thus there are 
36 weeks, or 36 X 7 days in 7 periods, so that the average duration 
of a period is exactly 36 days. Again, from 8th week of 1849 to 
24th week of 1850 there are 13 waves, also almost equidistant in 
duration. Thus there are 68 weeks, or 68 X 7 days in 13 periods, so 
that the average duration of a period is nearly 36*6 days. Again, 
from 24th week of 1850 to 34th week of 1851 there are, we presume, 
12 periods. It will be observed that out of these there are 7 periods, 
viz., 1st and 7th to 12th, whose waves are quite prominent ; with 
regard to the remaining 5 periods their waves seem to be almost 
obscured by irregularities. Thus there are 63 weeks, or 63 X 7 days, in 
12 periods, so that the average duration of a period is nearly 36*7 
days. If we now add all the weeks and periods together, to get the 
mean duration of the period we have 167 weeks and 32 periods, 
therefore the average duration of the period is nearly 36*53 days. 

51. We should here remark that as we are dealing with weekly 
values, there is a possibility of an error, either too much or too little, 
of one week in the whole period of 167 weeks. If we take 166 weeks 
for 32 periods, we get an average duration of 36*31 days ; and if we 
take 168 weeks, we get 36*75 days. Thus the period we have found 
out is approximate to the extent above mentioned. We shall, there- 
fore, say that the period is approximately 36J^ days instead of 36*53 
days. 

52. The object of drawing three curves of weekly means on the 
same zero line, and with the same scale, is the same as in the preced- 
ing example of the curves of daily means. The formation into regular 



392 



Mr. V. N. Nene. On a Method of Tracing 



waves of j&ve weekly period of the continuous curve from the numbers 
corresponding to the interrupted curve for the periods from 31st to 
37fch week of 1848, and 13th to 23rd week of 1849 is worth noticing. 
It should also be noticed that the irregular movements that exist in 
the interrupted curve for the period from 31st week of 1850 to 15th 
week of 1851, also exist in the continuous line curve. 

53. Let us now combine the result by taking 36^ days as an aver- 
age duration of the period to get an average range or amplitude of 
the period, as shown in paragraph 39v 

Table showing the variations of 36|-day period for several groups 
of periods and for the whole period. 



Number of points in the 
curve (7 '3 days for a point). 


0. 


1. 


2. 


3. 


4. 


First group of 7 periods 

Second group of 13 periods . . 
Third group of 12 periods . . . 
Combined above three groups 1 

of 32 periods J 

Combined whole series 


- -113 

- -041 
-- -018 

- -048 

- -048 


"•016 

- -034 
+ -016 

- -Oil 

- -012 


+ -114 
+ -018 

+ -028 

+ -041 
+ -036 


+ -081 
+ -034 
+ -004 

4- -033 

H- -035 


-•058 

+ •oie 

- -019 

- -013 
-•013 



1- 


sin 7 ^'^ 
361 


sin 7 "^r 

861 J 



These results are curved in figures 7 to 11 respectively. 

It must be mentioned here that the ranges which we see in these 

5 



results are not exact, but enlarged by our process and 



= nearly 2*7, is the extent to which our results are enlarged. 

But we must also notice that the facts that the period is not an 
integral number of weeks, that our method of combination is in 
consequence rather rough, and that the number of points in the curve 
is too small, tend to reduce the range of the period. If the process 
had been applied to the continuous daily means instead of to weekly 
means the results would have been of a larger and equal amplitude of 
several groups of the period. 

54. The writer feels himself under great obligaf3ion to his superior, 
0. Chambers, Esq., F.R.S., Superintendent of the Bombay Observa- 
tory, for the warm interest he took in carefully reading this tract, and 
in giving here and there some very valuable suggestions. 
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Table I. 



Year. 


• 


CD 


CJ 


< 


i 


• 




• 

1 


• 

u 

OP 

a 

4-3 

w. 


CD 
O 

-4-i 

o 
O 


• 

u 

a 

i> 
o 


CD 

a 

o 

ft 


1847... 


29-917 


29-903 


29-872 


29-791 


29-722 


29-621 


29-651 


29-707 


29-748 


29-825 


29^c93 


29-897 


1848... 


•927 


•916 


•830 


•770 


•741 


•649 


•654 


•706 


•812 


•826 


•909 


•922 


1849... 


•945 


906 


•870 


•779 


•714 


•624 


•672 


•700 


•727 


•841 


•889 


•911 


1850... 


•878 


•927 


•885 


•816 


•763 


•639 


•643 


•736 


•786 


•785 


•891 


-949 


1851... 


•958 


•901 


•857 


•779 


•739 


•631 


•599 


•697 


•782 


•828 


•838 


•946 


1852... 


•929 


•903 


•829 


•794 


•746 


•630 


•660 


•731 


•756 


•856 


•905 


•923 


1853... 


•940 


•873 


•859 


•797 


•775 


•644 


•673 


•742 


•793 


•854 


•863 


•955 


1854... 


•935 


•921 


•885 


•792 


•760 


•674 


•618 


•712 


•715 


•785 


•923 


•933 


1855... 


•935 


•932 


•853 


•818 


•787 


•663 


•658 


•743 


•787 


•826 


•939 


•944 


1856... 


•985 


•922 


■835 


•787 


•718 


•651 


•610 


•707 


•799 


•834 


•897 


-932 


1857... 


•930 


•869 


•831 


•790 


•735 


•640 


•649 


•681 


•811 


•857 


•918 


•981 


1858... 


•921 


-939 


•852 


•798 


•674 


•698 


•670 


•720 


•778 


•822 


•927 


•944 


1859... 


•933 


•918 


•878 


•787 


•789 


•662 


•628 


•731 


•779 


•854 


•851 


•931 


1860... 


•953 


•875 


•845 


•827 


•764 


•650 


•631 


•725 


•735 


•809 


•917 


•919 


1861... 


•907 


•897 


•857 


•764 


•713 


•666 


•639 


•689 


•774 


•857 


•867 


•932 


1862... 


"920 


•871 


•862 


•801 


•786 


•634 


•625 


•689 


•693 


•780 


•853 


•887 


1863... 


•939 


•883 


•838 


•746 


•734 


•606 


•637 


•697 


•767 


•811 


•895 


•947 


1864... 


•945 


•923 


•887 


•821 


•815 


•674 


•660 


•742 


•794 


-867 


•920 


•931 


1865... 


•972 


•910 


•874 


•800 


•741 


•669 


•656 


•666 


•788 


•848 


•890 


•918 


1866... 


•959 


•905 


•867 


•816 


•775 


•675 


•661 


•706 


•795 


•808 


•927 


•969 


1867... 


•965 


•916 


•879 


•819 


•734 


•671 


•667 


•692 


•750 


•826 


•983 


•981 


1868... 


•937 


•921 


•881 


•831 


•796 


•673 


•699 


•742 


•817 


•857 


•920 


•963 


1869... 


•966 


•936 


-879 


•821 


•773 


•659 


•668 


•705 


•730 


•824 


•908 


•901 


1870... 


•879 


•877 


•836 


•795 


•764 


•651 


•637 


•724 


•754 


•807 


•900 


•936 


1871... 


•894 


•891 


•863 


•793 


•768 


•641 


•672 


•733 


•779 


•821 


•870 


•932 


1872,.. 


•932 


*907 


•850 


•776 


•767 


•640 


•658 


•677 


•760 


•820 


•866 


•892 


1873... 


•924 


*895 


•859 


•803 


•733 


•646 


•641 


•742 


•788 


-824 


•935 


•943 


1874... 


•975 


•925 


•857 


•826 


•720 


•628 


•655 


•720 


•740 


•801 


•920 


•953 


1875... 


•918 


•905 


•849 


•780 


•772 


•652 


•655 


•720 


•754 


•833 


•923 


•938 


1876... 


•922 


•904 


•868 


•758 


•763 


•683 


•681 


•728 


•802 


•875 


•896 


•957 


1877... 


•976 


•936 


•887 


•827 


•790 


•723 


•745 


•762 


•808 


•865 


•921 


•917 


1878... 


•953 


•953 


•902 


•820 


•783 


•683 


•654 


•665 


•688 


•780 


•836 


•882 
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rp 1 1 XT 

iable li. 



Year. 


January. 

1 


• 

U 


♦ 


• 

•C 
<5 


• 


• 
1-5 


5^ 


* 
02 


September. 

I 


® 

O 

O 


■ 

u 
o 
.a 

a 

> 

o 


■ 

a 

Q 

<X> 

ft 


1848... 


+ •130 


+ •118 


+ •031 


-•031 


-•061 


-•154 


-•150 


-•099 


+ •006 


+ •020 


+ •ios 


+ •116 


1849... 


+ •141 


+ •102 


+ •068 


-•022 


-•086 


-•175 


-•125 


-•099 


- ^072 


+ •042 


+ •088 


+ •110 


1850... 


+ •076 


+ •124 


+ •080 


+ •010 


-•044 


-•167 


-•164 


-■071 


-•020 


-•020 


+ •oso 


+ •144 


1851... 


+ •155 


+ •100 


+ 058 


-•020 


- ^058 


- -165 


-•196 


-•098 


-•013 


+ ♦033 


+ ^042 


+ •150 


1852... 


+ •133 


+ •106 


+ •030 


-•006 


-•055 


-•173 


-•144 


-•074 


-•050 


+ •049 


+ •097 


+ •114 


1853... 


+ •131 


+ •063 


+ •048 


-•016 


-•038 


-•170 


-•142 


-•074 


-•023 


+ •039 


+ •049 


+ •141 


1854... 


+ •122 


+ •110 


+ •075 


-•017 


-•048 


-•133 


-•187 


-•092 


-•090 


-•021 


+ •115 


+ ^124 


1855.,. 


+ •125 


+ •120 


+ •038 


+ ^002 


-•031 


-•156 


-•162 


-•077 


-•033 


+ •007 


+ •120 


+ •128 


1856... 


+ •170 


+ •110 


+ •025 


-•022 


-•089 


-•153 


-•194 


-•095 


-•002 


+ •034 


+ •097 


+ •133 


1857... 


+ •131 


+ •069 


+ •030 


- •013 


-•070 


-•166 


-•158 


-•128 


+ •001 


+ •046 


+ •106 


+ •168 


1858 . 


+ '107 


+ •125 


+ •038 


-•016 


-•140 


-•116 


-•144 


-•095 


-•036 


+ •009 


+ •112 


+ •129 


1859 


+ •118 


+ •104 


+ •064 


-•027 


-•025 


-.•151 


-•184 


-•080 


- ^031 


+ •046 


+ •043 


+ ■125 


1860... 


+ •147 


+ -070 


+ •040 


+ •024 


-•039 


- ^152 


-•170 


-•075 


-•064 


+ •010 


+ •119 


+ •122 


1861... 


+ •111 


+ •101 


+ •061 


-■032 


-•084 


- •I 30 


-•158 


-•109 


-•025 


+ •059 


+ •069 


+ •135 


1862... 


+ •124 


+ •076 


+ •068 


+ •oos 


- ^004 


-•154 


-•161 


-•095 


-•089 


+ •001 


+ ^073 


+ •107 


1863... 


+ •159 


+ •102 


+ •057 


-•037 


-•052 


-•183 


-•155 


-•098 


-•033 


+ •006 


+ •086 


+ •135 


1864... 


+ •129 


+ •104 


+ •065 


-•003 


- ^012 


-•154 


-•169 


-•087 


-•034 


+ •039 


+ •094 


+ •108 


1865,.. 


+ •150 


+ -090 


+ •057 


-•016 


-•073 


-•144 


-•156 


-•146 


-•024 


+ •037 


+ •079 


+ •105 


1866... 


+ •145 


+ •091 


+ •051 


-•001 


- ^043 


-•145 


-•159 


-•114 


-•025 


-•012 


+ •106 


+ •148 


1S67... 


+ •144 


+ •096 


+ •058 


-•002 


-•086 


- ^150 


- -155 


- •ISO 


-•074 


+ •000 


+ •156 


+ •152 


1868... 


+ •107 


+ •089 


+ •047 


-•004 


-•040 


-•164 


- -138 


-•096 


-•021 


+ •021 


+ •086 


+ •131 


1869 .. 


+ •136 


+ -im 


+ •055 


•000 


-•044 


-•155 


-•142 


-•102 


-•074 


+ •022 


+ •108 


+ •107 


1870... 


+ •083 


+ •081 


+ •040 


•000 


- •osi 


-•145 


-•160 


-•074 


-•044 


+ •008 


+ •099 


+ •133 


1871... 


+ •092 


+ •087 


+ •059 


-•012 


-•037 


-•164 


-•134 


-•073 


-•027 


+ •016 


+ •065 


+ •127 


1872,.. 


+ •128 


+ •104 


+ •049 


-•024 


-•032 


- 'im 


-•139 


-•119 


-•035 


+ •024 


+ •071 


+ •096 


1873... 


+ ^127 


+ -096 


+ •058 


•000 


-•072 


-•161 


-•168 


-•069 


-•026 


+ •009 


+ -120 


+ •129 


1874... 


+ •161 


+ •111 


+ •044 


+ •015 


-•089 


-•180 


-•152 


-•086 


-•065 


-•004 


+ •115 


+ •148 


1875... 


+ •113 


+ -100 


+ •043 


-•026 


-•034 


-•155 


-•152 


-•088 


-•054 


+ ■024 


+ •115 


+ •129 


1876... 


+ •112 


+ •093 


+ •066 


-•055 


- ^052 


-•135 


-•189 


-•094 


-•023 


+ •047 


+ •065 


+ •123 


1877... 


+ •139 


+ •097 


+ •046 


-•016 


-•055 


-•123 


-•100 


-•083 


-•035 


+ •024 


+ •083 


+ -083 


Mean... 


+ •128 


+ •098 


+ ^052 


-•010 


•054 


-•155 


-•159 


-•095 


-•037 


+ •020 


+ •092 


+ •129 
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Table III. 



Year. 


• 

oi 

1 


• 


March. 

! — 


• 


1 


• 

PI 


• 
t— t 


4 


September. 


October. 


November. 

1 


December. 


1848... 


29-797 


29-798 


29-799 


29-801 


29-802 


29^803 1 


29-804 


29-805 


29-806 


-29 806 


29-806 


29-806 


1849... 


•804 


•804 


•802 


•801 


800 


•799 


•797 


•799 


•799 


•799 


•801 


•801 


1850... 


•802 


•803 


•805 


-806 


•807 


•806 


•807 


•807 


•806 


•805 


•805 


•805 


1851... 


•803 


•801 


•799 


•799 


•797 


•796 


•795 


•795 


•795 


•795 


•796 


•796 


1852... 


•796 


•797 


•799 


•800 


•801 


•803 


•804 


•805 


•806 


•807 


•808 


•809 


1853... 


•809 


•810 


•811 


•813 


•813 


•814 


•815 


•816 


•816 


•815 


•814 


•814 


1854... 


•813 


•811 


•810 


•809 


•808 


•807 


•805 


•804 


•805 


•806 


•808 


•809 


1855... 


•810 


•812 


•815 


•816 


•818 


•819 


•820 


•820 


•820 


•819 


•819 


•816 


1856... 


•815 


•812 


•810 


•809 


•807 


•804 


•804 


•802 


•801 


•800 


•800 


•799 


1857... 


•799 


•800 


•801 


-803 


•805 


•806 


•807 


•809 


•810 


•811 


•812 


•813 


1858... 


•814 


•814 


•814 


•814 


•814 


•814 


•814 


•815 


•814 


•813 


•815 


•815 


1859... 


•815 


■814 


•814 


•814 


•814 


•813 


•812 


•811 


•810 


•808 


•808 


•806 


1860... 


•806 


•805 


•805 


•803 


•803 


•802 


•801 


•800 


•799 


•799 


•798 


•797 


1861.. 


•796 


•796 


•796 


•796 


•797 


•796 


•797 


•798 


•799 


•798 


•798 


•79" 


1862... 


•796 


•795 


•794 


•792 


•790 


•788 


•786 


•784 


•782 


•781 


•780 


•780 


1863... 


•780 


•781 


-781 


•783 


•786 


•789 


•792 


•795 


•800 


•805 


•809 


•812 


1864... 


•816 


•819 


•822 


•824 


•827 


•828 


•829 


•831 


•828 


•828 


•826 


•823 


1865... 


•822 


820 


•817 


•816 


•814 


•813 


•812 


•812 


•812 


•811 


•811 


•813 


Ib66... 


•814 


•814 


•816 


•817 


•818 


•820 


•820 


•820 


•820 


•820 


•821 


•821 


1867... 


•821 


•820 


•821 


•821 


•820 


•821 


•822 


•822 


•824 


•825 


•827 


•829 


1868... 


•830 


•832 


•834 


•835 


•836 


•837 


•837 


•838 


838 


•836 


•834 


•832 


1869. 


•830 


•827 


•824 


•821 


•817 


•814 


•810 


•8U7 


•804 


•802 


•800 


•797 


1870... 


•796 


•796 


•796 


•795 


•795 


•796 


•797 


•798 


•798 


•799 


•801 


•803 


1871... 


•802 


•804 


•804 


•805 


•805 


•805 


•806 


•806 


•806 


•805 


•805 


•805 


1872... 


•804 


•803 


•801 


•800 


•799 


•798 


•797 


•796 


•795 


•796 


•795 


•796 


1873... 


•797 


•799 


•801 


•803 


•805 


•807 


•809 


•811 


•814 


•815 


•815 


•814 


1874... 


•814 


•814 


•813 


•811 


•809 


•808 


•807 


•806 


•805 


-805 


•805 


•805 


1875... 


•805 


•805 


•806 


•806 


•806 


■ ^807 


•807 


•808 


•808 


•809 


•808 


•80P 


1876... 


•810 


•811 


•812 


•813 


•815 


•818 


•820 


•822 


•825 


•828 


•831 


•834 


1877... 


•837 


•839 


■841 


•843 


•845 


•846 


•845 


•845 


•843 


•841 


•838 


•884 
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Table IV. 



Year. 


• 




1 


April. 


i 


« 
CD 

►-5 


• 

>> 

h5 


August. 


September. 

1 


October, 


> 
o 


e 

S 
o 


/ 1848... 


+ •002 


+ •020 


-•021 


- -021 


-•007 


+ •OOI 


+ •009 


-•004 


+ •043 


•000 


+ •011 


-•013 


1849... 


+ •013 


+ •004 


+ •016 


-•012 


-•032 


-•020 


+ •034 


-•004 


-•035 


-•022 


-•004 


- 019 


1850... 


-•052 


+ •026 


+ •028 


+ ^020 


+ •010 


-•012 


- ^005 


+ •024 


+ •017 


- -040 


-•006 


+ •015 


1851... 


+ •027 


+ •002 


+ •006 


-•010 


-•004 


-•010 


- ^037 


~ -003 


+ •024 


+ •013 


-•050 


+ •021 


1852... 


+ •005 


+ •008 


- -022 


+ •004 


-•001 


-•018 


+ •015 


+ ^021 


-•013 


+ ^029 


+ •005 


- ^015 


1853... 


+ -003 


-•035 


- -004 


-•006 


+ •016 


-•015 


+ •017 


+ -021 


+ •014 


+ '019 


-•043 


+ ^012 


1854... 


-•006 


+ •012 


+ •023 


-•007 


+ -006 


+ •022 


-•028 


+ •003 


-•057 


-•041 


+ •023 


-•005 


1855... 


- •oos 


+ •022 


-•014 


+ •012 


+ •023 


-•001 


-•003 


+ •018 


+ •004 


-•013 


+ •028 


-•001 


1856... 


+ •042 


■{-•012 


-•027 


-•012 


-•035 


+ •002 


-•035 


•000 


+ •035 


+ ^014 


+ •005 


+ •004 


1857... 


+ •003 


-•029 


-•022 


-•003 


-•OIG 


-•Oil 


+ •001 


-•033 


+ •038 


+ •026 


+ •014 


+ •039 


1858... 


-•021 


+ •027 


-•014 


-•006 


-•086 


+ •039 


+ •015 


•000 


+ •001 


-•Oil 


+ •020 


•000 


1859... 


-•010 


+ •006 


+ •012 


-•017 


+ •029 


+ •004 


-•025 


+ •015 


+ •006 


+ •026 


-•049 


-•004 


1860... 


+ •019 


-•028 


-•012 


+ '034 


+ •015 


+ •003 


-•on 


-•020 


-•027 


-•010 


+ •027 


-•007 


1861... 


- ^017 


+ •oos 


+ •009 


-•022 


-•030 


+ •020 


+ -001 


-•014 


+ •012 


+ •039 


- -023 


+ •006 


1862... 


-•004 


-•022 


+ •016 


+ •019 


+ •oso 


+ •001 


-•002 


•000 


-•052 


-•019 


-•019 


-•022 


1863... 


+ •031 


+ •004 


+ •005 


-•027 


+ •002 


-•028 


+ •004 


-•003 


+ •004 


-•014 


-•006 


+ •006 


1864... 


+ •ooi 


+ •006 


+ •013 


+ ^007 


+ •042 


+ •001 


-•010 


+ •008 


+ •003 


+ •019 


+ •002 


-•021 


1866... 


+ ^022 


- ^008 


+ •005 


-•006 


-•019 


+ •OH 


+ •003 


-•051 


+ •013 


+ •017 


- •ois 


-•024 


1866... 


+ •017 


-•007 


-•001 


+ •009 


+ •011 


+ •010 


•000 


-•019 


+ •012 


-•032 


+ •014 


+ •019 


1867... 


+ •016 


-•002 


+ •006 


+ •008 


-•032 


+ ^005 


+ •004 


-•035 


-•037 


-•019 


+ •064 


+ •023 


1868... 


-•021 


-•009 


-•005 


+ ^006 


+ •014 


-•009 


+ •021 


- •OOI 


+ •016 


+ •001 


-•006 


+ ^002 


1869... 


+ •008 


+ •011 


+ •003 


+ •010 


+ •010 


•000 


+ -on 


-•007 


-•037 


+ •002 


+ •016 


- -022 


1870... 


-•045 


-•017 


-•012 


+ •010 


+ •023 


+ •010 


- •OOI 


+ •021 


-•007 


-•012 


+ •007 


+ •004 


1871... 


-•036 


-•Oil 


+ •007 


-•002 


+ •017 


-•009 


+ •025 


+ •022 


+ •010 


-•004 


-•027 


-•002 


1872... 


•000 


+ •006 


-•003 


-•014 


+ -022 


-•033 


+ •020 


-•024 


-•002 


+ •004 


-•021 


-•033 


1873... 


-•001 


-•002 


+ •006 


+ •010 


-•018 


-•006 


-•009 


+ •026 


+ •011 


-•Oil 


+ •028 


•000 


1874... 


+ •033 


+ •013 


-•008 


+ •025 


-•035 


-•025 


+ •007 


+ •009 


-•028 


-•024 


+ •023 


+ •019 


1875... 


- •ois 


+ •002 


-•009 


-•016 


+ •020 


•000 


+ •007 


+ •007 


-•017 


+ -004 


+ •023 


•000 


1876... 


-•016 


-•005 


+ •004 


-•045 


+ •002 


+ •020 


-•030 


+ •OOI 


+ •014 


+ •027 


-•027 


-•006 


1877... 


+ •OH 


-•001 


- •ooe 


-•096 


-•001 


+ •032 


+ •059 


+ •012 


+ •002 


+ •004 


-•009 


-•046 
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Table V. 



Year. 

1 


• 

1 




• 


Ph 


i 
s 


(6 


• 

3 


August. 


s 


• 

u 
a> 

O 
o 

O 


• 

s 

o 


• 

a 


1 
1 

1848... 


• « • 


• •• 


• • • 


• • * 


• •• 


• •• 


+ •001 


-•014 


+ •021 


- -010 


+ •004 


-•008 


1849... 


+ •006 


- -005 


+ •010 


+ •003 


-•013 


-•Oil 


+ •030 


- -005 


-•028 


+ •021 


+ •007 


•000 


1850... 


-•027 


+ •018 


+ •013 


-•004 


+ •004 


-•008 


-•Oil 


+ •014 


+ -015 


- -025 


+ •001 


+ •008 


1851... 


+ •006 


-•009 


+ •004 


-•006 


+ •005 


+ •009 


-•017 


-•004 


+ •019 


+ •009 


-•036 


+ •022 


1852... 


+ •003 


+ •001 


-•015 


+ •010 


+ •006 


-•017 


+ •011 


+ •013 


-•014 


-•006 


+ •007 


-•005 


1853... 


+ •016 


-•015 


+ •003 


-•003 


+ •012 


-•014 


+ •001 


+ •003 


•000 


+ •014 


-"023 


+ •019 


1854... 


-•007 


-•001 


+ •016 


-•015 


•000 


+ •017 


-•021 


+ ^025 


-•019 


-•015 


+ "029 


-•012 


1855... 


-•009 


+ •018 


-•018 


+ •001 


+ •013 


-•008 


-•009 


+ •014 


-•002 


-•012 


+ •014 


-•020 


1856... 


+ •015 


+ •003 


-•015 


+ •008 


-•009 


+ •021 


-•017 


-•006 


+ •018 


-•007 


-•006 


+ •002 


1857... 


+ •009 


-•Oil 


-•002 


+ •011 


-•007 


+ •003 


+ -Oil 


-•028 


+ •022 


-•001 


-•010 


+ •019 


1858... 


-•026 


+ •015 


+ •001 


+ •014 


-•044 


+ •036 


+ •002 


-•Oil 


+ •003 


-•009 


+ •014 


-•001 


1859... 


-•Oil 


+ •006 


+ •008 


-•023 


+ •020 


+ •005 


-•017 


+ •002 


+ •002 


+ •023 


-•035 


+ •005 


1860... 


+ •028 


-•022 


-•010 


+ •019 


-•004 


-•005 


+ •002 


+ •004 


-•009 


- •oos 


+ •021 


-•006 


1861... 


-•014 


+ •006 


+ •015 


-•009 


-•016 


+ ^024 


-•001 


-•019 


+ •005 


+ •024 


-•027 


+ •009 


1862... 


+ •007 


-•014 


+ •006 


-•004 


+ •018 


-•016 


-•001 


+ •018 


-•019 


+ •009 


+ •005 


-•014 


1863... 


+ •019 


-•004 


+ •001 


-•010 


+ •015 


-•014 


+ •006 


+ •001 


+ ^005 


-•007 


•000 


+ •007 


1864... 


-•003 


+ •001 


•000 


-•Oil 


+ •019 


-•006 


-•009 


+ •008 


-•006 


+ •010 


•000 


-•016 


1865... 


+ •019 


-•009 


+ •004 


+ •001 


-•016 


+ •017 


+ ^012 


-•034 


+ •015 


+ •017 


-•010 


-•013 


1866... 


+ •019 


-•006 


- -005 


+ •003 


-•001 


+ •004 


- ^002 


-•009 


+ -025 


-•017 


-•007 


+ •010 


1867... 


+ •005 


- -012 


+ ^004 


+ •013 


-•024 


+ •007 


+ •014 


-•004 


-•008 


-•020 


+ •034 


+ •001 


1868... 


-•021 


+ •006 


+ •002 


+ •002 


+ •006 


-•012 


+ •011 


-•008 


+ •006 


•000 


-•005 


•000 


1869... 


+ •003 


+ •003 


+ •005 


+ •003 


•000 


-•009 


+ •014 


+ •004 


-•022 


+ •006 


+ •019 


-•007 


1870... 


-•013 


+ •011 


-•003 


-•002 


+ •009 


-•005 


-•009 


+ •016 


-•00^ 


-•012 


+ •010 


+ •011 


1871... 


-•019 


+ •002 


+ •009 


-•005 


+ •009 


-•015 


+ •006 


+ •003 


+ •002 


+ •003 


-•012 


+ •006 


1872... 


•000 


+ •005 


-•001 


-•010 


+ •012 


-•010 


+ •014 


-•017 


+ •002 


+ •014 


-•005 


-•012 


1873... 


+ •011 


-•003 


-•001 


+ •009 


-•008 


+ •001 


-•008 


+ •015 


•000 


-•018 


+ •014 


-•007 


1874... 


+ •012 


- -005 


-•016 


+ •028 


-•016 


-•012 


+ •013 


+ •014 


-•014 


-•014 


+ •018 


+ •006 


1875... 


-•017 


+ •009 


•000 


-•013 


+ •015 


-•008 


•000 


+ •009 


-•014 


-•002 


+ •014 


•000 


1876... 


-•014 


+ •007 


+ •018 


-•030 


+ •009 


+ •023 


-•022 


-•003 


+ •006 


+ •017 


-•021 


-•001 


1877... 


+ •013 


-•002 


•000 


+ •001 


-•010 


•000 
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Table YT. 



Year. 


January. 

p 


February. 
1 


March. 

1 


• 

< 


i 
S 


•-a 


• 

•-a 


• 

bJO 
< 


September, 
p 


-t-3 

o 
O 


a 

> 
o 

!2i 


December. 

1 


1848... 


!•• 


• a » 


• • • 


• •• 


• • • 


• • • 


+ •008 


+ •010 


+ •002 


+ -010 


+ •007 


-•005 


1849... 


+ •007 


+ •009 


+ •006 


-•015 


-•019 


-•009 


+ •004 


+ •001 


-•007 


+ •001 


-•Oil 


-•019 


1850... 


-•025 


+ •008 


+ -Qlb 


+ •024 


+ •006 


-•004 


+ •006 


+ •010 


+ •002 


-•015 


-•007 


+ •007 


1851... 


+ •021 


+ •011 


+ •002 


- ^004 


-•009 


-•019 


- ^020 


+ •001 


+ •005 


+ ■004 


-•014 


-•001 


1852... 


+ •002 


+ •007 


-•007 


-•006 


-•007 


-•001 


+ •004 


+ •008 


+ •001 


+ •035 


-•002 


-•010 


1853... 


-•013 


-•020 


-•007 


-•003 


+ •004 


-•001 


+ •016 


+ •018 


+ •014 


+ -005 


-•015 


-■007 


1854... 


+ •001 


+ •013 


+ •007 


+ •008 


+ •006 


+ •005 


- ^007 


- -022 


-•038 


- ^026 


-•006 


+ •007 


1855... 


+ •006 


+ •004 


+ •004 


+ •011 


+ •010 


+ •007 


+ •006 


+ •004 


+ •006 


- •ooi 


+ •014 


+ -019 


1856... 


+ •027 


+ •009 


-•012 


-•020 


-•026 


-•019 


-•018 


+ •006 


+ •017 


+ •021 


+ •011 


+ •002 


1857... 


-•006 


-•018 


-•020 


-•014 


-•009 


-•014 


-•010 


-•005 


+ '016 


+ •027 


+ •024 


+ •020 


1858... 


+ •005 


+ •012 


-•015 


-•020 


-•042 


+ •003 


+ •013 


+ •011 


-•002 


-•002 


+ •006 


+ •001 


1859... 


+ •001 


•000 


+ •004 


+ •006 


+ •009 


-•001 


-•008 


+ -013 


+ •004 


+ •003 


-•014 


-•009 


1860... 


-•009 


-•006 


-•002 


+ •015 


+ •019 


+ •008 


- ^013 


-•024 


-•018 


-•005 


+ •006 


-•001 


1861... 


-•003 


-•003 


-•006 


-•013 


-•014 


- -004 


+ •002 


+ •005 


+ •007 


+ •015 


+ •004 


- ^003 


1862... 


-•Oil 


-•008 


+ •010 


+ •023 


+ •032 


+ •017 


- -001 


-•018 


-•033 


-•028 


-•024 


-•008 


1863... 


+ •012 


+ •008 


+ •004 


-•017 


-•013 


-•014 


-•002 


-•004 


-•001 


-•007 


-•006 


-•001 


1864... 


+ •004 


+ •005 


+ -013 


+ -018 


+ •023 


+ •007 


- -001 


•000 


+ ^009 


+ •009 


+ ^002 


-•005 


1865... 


+ •003 


+ •001 


+ •001 


-•007 


-•003 


-•006 


-•009 


-•017 


- -002 


•000 


-•003 


-•Oil 


1866... 


-•002 


-•001 


+ •004 


+ •006 


+ -012 


+ •006 


+ •002 


-•010 


- -013 


-•015 


+■ ^021 


+ •009 


1867... 


+ •011 


+ •010 


+ •002 


- •oos 


-•008 


-•002 


-•010 


-•031 


-•029 


+ •OOI 


+ •030 


+ •022 


1868... 


•000 


-•015 


-007 


+ •004 


+ -008 


+ •003 


+ •010 


+ •007 


+ •010 


+ •001 


-•001 


+ •002 


1869... 


+ •005 


+ •008 


+ •008 


+ •007 


+ -010 


+ •009 


+ •003 


-•Oil 


-•015 


-•004 


-•003 


-•015 


1870... 


-•032 


-•028 


-•009 


+ •012 


+ -014 


+ •015 


+ •008 


+ -005 


-•001 


•000 


-•003 


-•007 


1871... 


-•017 


-•013 


-•002 


+ •003 


+ •008 


+ •006 


+ •019 


+ •019 


+ •008 


-•007 


-•015 


-•008 


1872... 


•000 


+ •001 


- -002 


-•004 


+ •010 


+ •007 


+ •006 


-•007 


-•004 


-•010 


-•016 


-•021 


1873... 


-•012 


+ '001 


+ •007 


+ •001 


-•010 


- -007 


-•001 


+ -Oil 


+ •011 


+ -007 


+ •014 


+ ^007 


1874... 


+ •021 


+ •018 


+ •008 


-•003 


-•019 


-•013 


-•006 


-•005 


-•014 


- -010 


+ •005 


+ -013 


1875... 


+ -002 


-•007 


-•009 


-•003 


+ •005 


+ •008 


+ •007 


-•002 


-•003 


+ •006 


+ •009 


•000 


1876... 


-•002 


-•012 


-•014 


- -015 


-•007 


-•003 


-•008 


+ -004 


+ •008 


+ •010 


-•006 


- •OOS 


1877 .. 


-•002 


+ •001 


-•006 


- •OOS 


+ •018 


+ •030 
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Table YII. 



Year. 


• 

1 




4 
1 


• 


• 

>> 

1 


1 


• 

s 


4-3 

m 


• 

a 

■*~> 
P. 
a> 


• 

O 

o 

O 


a 

o 

5^ 


f 

o 
O 


1850... 


• «• 


* ** 


+ •009 


+ •010 


-•008 


-•013 


+ •002 


+ •011 


+ •006 


-•Oil 


-•007 


+ •001 


1851... 


+ •009 


+ •001 


-•002 


•000 


+ •002 


-•006 


-•008 


+ •008 


+ •007 


+ •004 


-•014 


-•002 


1852... 


+ •003 


+ •009 


-•003 


-•002 


-•001 


•000 


-•001 


-•002 


-•008 


+ •024 


-•006 


-•006 


1853... 


-•003 


-•004 


+ •007 


+ •002 


+ •002 


-•010 


+ •0.02 


+ •005 


+ •006 


+ '001 


-•012 


-•001 


1854... 


+ •002 


+ •009 


-•004 


-•004 


-•002 


+ •007 


+ •005 


•000 


-'013 


-'004 


+ •006 


+ •008 


1855... 


+ •001 


-•004 


-•005 


+ •001 


+ •001 


+ •001 


+ '002 


+ '001 


'000 


-'010 


'000 


•000 


1856... 


+ •013 


+ •002 


-•006 


-•002 


-'002 


+ '003 


-•006 


+ '003 


+ '002 


+ '004 


•000 


-•002 


1857... 


-•001 


-•005 


•000 


+ •004 


+ •007 


-•001 


-•005 


-'008 


+ •003 


+ •005 


+ •001 


-•001 


1858... 


-•005 


+ •012 


-•002 


-•001 


-•022 


+ •011 


+ •012 


+ '005 


-'007 


-'007 


+ •003 


+ •002 


1859... 


•000 


-•002 


+ •001 


+ •002 


+ •004 


-•002 


-•012 


+ '009 


+ '001 


+ •006 


-•005 


•000 


1860... 


•000 


-•004 


-•006 


+ •005 


+ •011 


+ •006 


-'005 


-•Oil 


-•002 


+ •002 


+ •009 


•000 


1861... 


-•003 


,+ •001 


+ •001 


-•001 


-•003 


+ •001 


+ '001 


-'002 


-•003 


+ •006 


+ •002 


+ •005 


1862... 


-•008 


-•009 


-•001 


+ •003 


+ •011 


+ •001 


-'001 


-•001 


-'006 


*000 


-•004 


•000 


1863... 


+ •011 


+ •003 


+ •003 


-•010 


-•003 


-•002 


+ •006 


+ •004 


+ •001 


-•002 


-•004 


+ •002 


1864... 


•000 


-•003 


•000 


+ •003 


-•008 


-•003 


-'008 


-•003 


+ •005 


+ •006 


-•001 


-•007 


1865... 


+ •003 


+ •001 


+ •003 


-•004 


+ •003 


+ •001 


-•001 


-•008 


+ '004 


+ '004 


+ •002 


-•005 


1866... 


•000 


-•002 


•000 


-•002 


+ •003 


+ •004 


+ •003 


-•003 


-'005 


-'010 


+ •015 


+ •001 


1867... 


•000 


+ •001 


-•006 


-•004 


•000 


+ •012 


+ '009 


-'013 


-•018 


'000 


+ '021 


+ •012 


1868... 


-•006 


-•015 


-•004 


+ •007 


+ •007 


-•002 


•000 


-•002 


+ •004 


-'002 


-'002 


•000 


1869... 


+ •002 


+ •001 


-•001 


-•002 


+ •002 


+ •004 


+ •001 


-•007 


-•008 


+ '006 


+ '013 


+ '003 


1870... 


-•010 


-•010 


•000 


+ •010 


+ •005 


+ •001 


-•005 


-'002 


-'002 


+ '003 


+ "005 


-•002 


1871... 


-•005 


-•002 


+ •004 


+ •002 


•000 


-•007 


+ '003 


+ '007 


+ '003 


-•005 


-'009 


+ '001 


1872... 


+ •006 


+ •004 


-•003 


-•007 


+ •004 


+ •002 


+ •003 


-'004 


+ •002 


+ •002 


'000 


-•007 


1873... 


-•003 


+ •005 


+ •008 


+ •003 


-•009 


-•005 


-•001 


+ '008 


+ '003 


-'004 


-•001 


-•008 


1874... 


+ •005 


+ •006 


+ •002 


-•002 


-•010 


•000 


+ •007 


+ •004 


-•007 


-'008 


+ •004 


+ •010 


1875... 


+ •003 


-•009 


-•007 


-•001 


+ •005 


+ •006 


+ •003 


-•006 


-•006 


+ •002 
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Table VIII. 



Year. 


i 


i 

f-l 

&4 




< 




<6 


• 

t-a 


August. 

1 


1 

-1-2 

ft 

1X2 


• 

o 
O 


• 

1 

o 

125 


s 

o 


1850... 


*• • 


• «« 


+ •006 


+ •014 


+ •014 


+ •009 


+ •004 


-•001 


-•004 


-•004 


•000 


+ •006 


1851... 


+ •012 


+ •010 


+ •004 


-•004 


-Oil 


-•013 


-•012 


-•007 


-•002 


•000 


•000 


+ •001 


1852... 


-•001 


-•002 


-•004 


-•004 


-•006 


-•001 


+ •005 


+ •010 


+ •009 


+ •011 


+ •004 


-•004 


1853... 


-•010 


-•016 


-•014 


-•005 


+ •002 


+ •009 


+ •014 


+ •013 


+ •008 


+ •004 


-•003 


-•006 


1854... 


-•001 


+ •004 


+ •011 


+ •012 


+ •008 


-•002 


-•012 


-•022 


-•025 


-•022 


-•012 


-•001 


1855... 


+ •005 


+ •008 


+ •009 


+ •010 


+ •009 


+ •006 


+ •004 


+ •003 


+ •006 


+ •009 


+ •014 


+ •019 


1856... 


+ •014 


+ •007 


-•006 


-•018 


-•024 


-•022 


-•012 


+ •003 


+ •015 


+ •017 


+ •011 


+ •004 


1857... 


-•005 


-•013 


-•020 


-•018 


-•016 


-•013 


-•005 


+ •003 


+ •013 


+ •023 


+ •023 


+ •021 


1858... 


+ •010 


•000 


-•013 


-•019 


-•020 


-•008 


+ •001 


+ •006 


+ •005 


+ •005 


+ •003 


-•001 


1859... 


+ •001 


+ •002 


+ •003 


+ •004 


+ •005 


+ •001 


+ •004 


+ •004 


+ •003 


-•003 


-•009 


-•009 


1860... 


-•009 


-•002 


+ •004 


+ •010 


+ •008 


+ •002 


-•008 


-•013 


-•016 


-•007 


-•003 


-•001 


1861... 


•000 


-•004 


-•007 


-•012 


-•Oil 


-•005 


+ •001 


+ •007 


+ •010 


+ •009 


+ •002 


-•002 


1862... 


-•003 


+ •001 


+ •011 


+ •020 


+ •021 


+ •016 


•000 


-•017 


-■027 


-•028 


-•020 


-•008 


1863... 


+ •001 


+ •005 


+ ■001 


-•007 


-•010 


-•012 


-•008 


-•008 


-•002 


-•005 


-•002 


-•003 


1864... 


+ •004 


+ •008 


+ •013 


+ •015 


+ •015 


+ •010 


+ •007 


+ •003 


+ •004 


+ •003 


+ •003 


+ •002 


1865... 


•000 


•000 


-•002 


-•003 


-•006 


-•007 


-•008 


-•009 


-•006 


-•004 


-•005 


-•006 


1866... 


-•002 


+ •001 


+ •004 


+ •008 


+ •009 


+ •002 


-•001 


-•007 


-•008 


-•005 


+ •006 


+ •008 


1867... 


+ •011 


+ •009 


+ •008 


-•001 


-•008 


-•014 


-•019 


-•018 


-•Oil 


+ •001 


+ •009 


+ •010 


1868.,. 


+ •006 


•000 


-•003 


-•003 


+ •001 


+ •005 


+ •010 


+ •009 


+ •006 


+ •003 


+ •001 


+ •002 


1869... 


+ •003 


+ •007 


+ •009 


+ •009 


+ •008 


+ •005 


+ •002 


-•004 


-•007 


-•010 


-•016 


-•018 


1870... 


- -022 


-•018 


-•009 


+ •002 


+ •009 


+ •014 


+ •013 


+ •007 


+ •001 


-•003 


-•008 


-•005 


1871... 


-•012 


-•Oil 


-•006 


+ •001 


+ •008 


+ •013 


+ •016 


+ •012 


+ •005 


-•002 


-•006 


-•009 


1872... 


-•006 


-•003 


+ •001 


+ •003 


+ •006 


+ •005 


+ •003 


-•003 


-•006 


-•012 


-•016 


-•014 


1873... 


-•009 


-•004 


-•001 


-•002 


-•001 


-•002 


•000 


+ •003 


+ •008 


+ •011 


+ •015 


+ •015 


1874... 


+ •016 


+ •012 


+ •006 


-•001 


-•009 


-•013 


-•013 


-•009 


-•007 


-•002 


+ •001 


+ •003 


1875... 


-•001 


+ •002 


-•002 


-•002 


•000 


+ •002 


+ •004 


+ •004 


+ •003 


+ •004 
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Table IX. 



Week. 

1.. 
2.. 
3.. 

4.. 

5.. 

6., 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21,. 
22.. 
23.. 
24.. 
25.. 
26.. 



1848. 



29- 



931 

•923 

•918 

•923 

•965 

•969 

•917 

•885 

•818 

•800 

•865 

•838 

•826 

•803 

•846 

•721 

'704 

•777 

'759 

•754 

•706 

•693 

•651 

•571 

•618 

•750 



1849. 



29 



955 
930 
926 
962 

948 
975 
904 
830 
911 
879 
937 
853 
781 
788 
765 
755 
795 
780 
722 
704 
703 
668 

m2 

625 
565 
639 



1850. 



29-924 
•849 
•843 
•878 
•920 
•969 
•929 
•906 
•901 
•883 
•879 
•884 
•902 
•852 
•795 
•829 
•801 
•792 
•789 
•758 
•764 
•728 
•667 
•592 
•646 
•660 



1851. 



26-965 



•934 



•982 



■917 



•942 



Week. 



27.. 



28.. 



29.. 



30.. 



31.. 



•877 32. . 



•915 

•868 
•885 
847 
•811 
•882 
•864 
•800 
•810 
•731 
•683 
•730 
•795 
•761 
•704 
•645 
•533 
•703 
•652 
•587 






33.. 

34.. 

35.. 

36.. 

37.. 

38.. 

39.. 

40.. 

41.. 

42.. 

43.. 

44.. 

45.. 

46.. 

47.. 

48.. 

49.. 

50.. 

51.. 

52,, 

53.. 



1848. 



29 



736 

600 

620 

650 

692 

693 

693 

722 

756 

778 

834 

■855 

■781 

•712 

•851 

•882 

■853 

•825 

•871 

■881 

•962 

•981 

•901 

•899 

•926 

•953 



1849. 



29 



678 
740 
688 
609 
583 
704 
748 
740 
665 
695 
715 
642 
832 
838 
781 
859 
889 
846 
817 
915 
911 
925 
848 
885 
950 
976 



1850. 



1851. 



2d 



720 
649 
583 

557 

735 

697 

748 

752 

747 

778 

742 

811 

801 

816 

806 

755 

752 

817 

846 

818 

942 

961 

928 

933 

981 

962 

936 



29 



■737 



613 
•536 
•697 
•571 
•713 
17 
■695 
•663 
•724 
•714 
•846 
•836 
•763 
•762 
•834 
•817 
•937 
•802 
•829 
•804 
■902 
•926 
•975 
•929 
•966 
•930 
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Table X. 



Week. 


1 
1848. 


1849. 


1850. 


1851. 


Week. 


1848. 


1849. 


1850. 


1851. 


1.. 


• e 


+ •019 


+ •023 


+ ^004 


27.. 


+ •087 


+ •029 


+ •092 


-•010 


2.. 


•H « 


-•013 


-•057 


+ ■029 


28.. 


-•067 


+ •097 


•000 


-•088 


3.. 


• • 


-•024 


-•065 


+ •039 


29.. 


-•057 


+ •025 


-•073 


+ •061 


4.. 


-•012 


+ •019 


-'024 


-•023 


30.. 


-•019 


-•070 


-•113 


-•081 


5.. 


+ -036 


+ •023 


+ •021 


+ •016 


31.. 


+ •025 


-•104 


+ •061 


+ •054 


6.. 


+ •055 


+ •053 


+ •062 


-•035 


32.. 


+ •004 


+ •027 


+ •009 


+ •051 


7.. 


+ •020 


-•012 


+ •017 


+ •022 


33.. 


-•019 


+ •070 


+ •032 


+ •007 


8.. 


-•003 


-•082 


-•006 


-•010 


34.. 


_.0l6 


+ •047 


+ •009 


-•064 


9.. 


-■052 


+ •013 


-•006 


+ •016 


35.. 


-•006 


-•036 


-•007 


-•021 


10.. 


-'050 


+ •008 


-•015 


-•020 


36.. 


+ •004 


-•025 


+ •010 


-•033 


11.. 


+ •031 


+ '083 


-•008 


-•040 


37». 


+ •057 


-•017 


-•036 


+ •089 


12.. 


+ •010 


+ •008 


+ •013 


+ •039 


38.. 


+ •060 


-•096 


+ •025 


+ •055 


13.. 


+ •012 


-•042 


+ •041 


+ •043 


39.. 


-•032 


+ •066 


+ •014 


-•042 


14.. 


+ •003 


-•023 


+ •003 


+ •003 


40.. 


-•112 


+ •044 


+ •033 


-•064 


15.. 


+ •058 


-•023 


-•041 


+ •024 


41.. 


+ •028 


-•031 


+ •012 


+ •014 


16.. 


-•056 


-•014 


+ •006 


-•042 


42., 


+ •057 


+ •022 


- -044 


-•002 


17.. 


-•062 


+ •037 


-•001 


-•076 


43.. 


+ •014 


+ -040 


-•049 


+ •111 


18.. 


+ •026 


+ •034 


+ •002 


-•015 


44.. 


-•050 


-•014 


-•002 


-•044 


19.. 


+ •028 


-•010 


+ •009 


+ •074 


45.. 


-•023 


-•063 


+ •004 


-•031 


20.. 


+ -033 


-ms 


+ •001 


+ •068 


46.. 


-•015 


+ •036 


-•048. 


-•078 


21., 


+ •004 


+ •008 


+ •037 


+ •008 


47.. 


+ •059 


+ •033 


+ •050 


+ •021 


22.. 


+ •014 


+ •004 


+ •022 


-•040 


48.. 


+ •064 


+ •032 


+ •045 


+ •022 


23.. 


-•027 


+ -010 


-•019 


-•122 


49.. 


-•028 


-•068 


-•004 


+ •056 


24.. 


-•104 


-■024 


-'089 


+ •069 


50.. 


-•041 


-•032 


-•016 




25.. 


-•042 


-•089 


-•019 


+ -04a 


51., 


-•009 


+ •042 


+ -029 




2Q.. 


+ •101 


-•018 


+ •006 


-•030 


52.. 


+ •026 


+ •080 


+ •006 














53.. 


. . 


• • 


-•027 





Yunjoye.'k Nourajmj M&ne . 
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